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Abstract 
 
Clean water is essential for lives, not only in terms of human beings’ survival but also 
for growing foods, keeping a healthy natural system and maintaining biodiversity. 
However, due to the pressure of urbanisation and population growth, an impending 
water crisis has been recognised as one of the most severe challenges to human society 
in the 21st century. In New Zealand, there is an increasing number of harbours that have 
already been identified as contaminated. Promoting water quality is virtual that 
integrated urban design is raised to manage the water system effectively. 
 
Through drawing an urban design, this project will explore how Water Sensitive Design 
(WSD) can be applied to real-life projects to mitigate or even address catchment water 
contamination. The Cox’s Bay catchment is chosen as a test site to reflect the function 
and impacts of WSD strategies in promoting water quality. The project adopts the 
framework of Research by Design through qualitative research methods. The proposed 
design employs a range of the techniques including tree pits, plant boxes, permeable 
pavements, rain gardens, vegetated swales, and above-detention pond (wet pond and 
constructed wetland). Meanwhile, four classified land zone types are used for the test: 
commercial area, community streets, natural small-sized reserve and multi-function 
park. 
 
The aims of this study are not only to deal with Cox’s Bay catchment water quality 
issues but also contribute to future stormwater management to achieve the goal of 
controlling pollution. The further expectation of this project is to inspire other scholars 
to further explore WSD in tackling similar stormwater problems.  
 
Keywords: Water quality, harbour water pollution, Water Sensitive Design, urban 
catchment contamination, manage stormwater, share other this experience.  
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Chapter 1 Research Introduction 
 
1.1 Introduction 
 
Global Context 
In this era of globalisation, urbanisation and industrialisation, the significant progress 
of human society has caused a large number of natural environment problems by land 
enlargement, agricultural activities and industrial development and so on. An increasing 
amount of countries are under pressure from ecological environment pollution, the 
shortage of natural resources and extinction.  
 
Water resource associates closely with supporting population growth continues and the 
development of ecological systems (Parliamentary Commissioner for the Environment, 
2012). However, Gilbert (2018) points out that there are more than 2 billion people in 
the world with limited access to safe drinking water and over 4 billion people are 
suffering from unsafe water environment. The challenge of protecting water resource 
has attracted great attention around the world. 
 
New Zealand Context 
New Zealand, the last oasis in the world, has a relatively slow rate of urban 
development, which exerts an adverse influence on local communities and its natural 
system. The continuous growth of population intensifies insufficient carrying capacity 
of the natural environment and increases the number of wasted resources which require 
to be treated (Rosegrant, Cai, & Cline, 2002). Although New Zealand is fortunate to 
have plenty of cleaner water compared with the rest of the world, it is still threatened 
by gradually emerging water issues such as harbour water pollution, flooding issues, 
sanitary and safety problems of drinking water (Ministry for the Environment & 
Statistics New Zealand, 2017). Also, the potential adverse impacts of watercourse 
pollution threaten the health of local people and native (Ministry for the Environment 
& Statistics New Zealand, 2016; Woodward, Hales, & de Wet, 2001).  
 
Auckland, the biggest city of New Zealand, is facing water quality issues which may 
disturb the local sustainable development in economic, ecological and environmental 
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aspects. Contaminated harbour water as one of the most significant problem has 
recently received great attention because there are approximately 12 beaches and bays 
in Auckland no longer allowing people to swim and access (Tokalau, 2018).  
 
 
 
Figure 1.1, the sign in Piha Lagoon which shows this area is unsafe to swim (Tokalau, 
2018) 
 
Indeed, harbour contamination is often related to improper water management and the 
drainage system with insufficient capacity. The one major cause of this issue is the 
combined sewer systems--underground pipe systems conveying not only sewer water 
but also rainwater into treatment plant or directly into the nearby streams, canals, rivers 
(U.S. EPA, 2011). Furthermore, a report from the Environment Protection Agency 
(2011) points out that most astonishingly, there are about 10 million people in 
approximately 772 communities around the world applying combined sewer system to 
serve.  
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Figure 1.2, the process of the combined sewer system in dry weather and wet weather. 
(City of Alexandria, VA, 2017) 
 
Additionally, the increased rainfall in urban areas may also intensify the situation of 
water pollution in harbour areas. The causes of the heavy drowning volume are not only 
the climatic character of the region itself but also the impacts of climate change. As a 
marine climate country, New Zealand’s rainfall is higher than the other countries. 
Taking the climate change into consideration, a report of Woodward et al. (2001) shows 
that the average temperature of all cities in New Zealand has raised by around 0.6℃ to 
2.8℃, which is related to the increasingly intensive rainfall.  
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Figure 1.3, the impacts of climate change toward human health (Radio New Zealand, 
2015) 
 
Over-flooding stormwater has worsened the harbour water quality because the flows 
may carry more particles, sediments from the land surface directly into a watercourse 
(Parliamentary Commissioner for the Environment, 2012).  
 
To protect water resources and manage both stormwater and wastewater, the relevant 
environment departments and authority agencies in Auckland region have published 
many regulations and acts to govern this situation such as the Resource Management 
Act (RMA), the Low Impact Design (LID) and the Water Sensitive Design (WSD). In 
this research project, the researcher mainly focuses on examining the role of Water 
Sensitive Design (WSD) in mitigating and or even addressing the harbour’s water 
contamination. The strategies of WSD would create a design solution to improve the 
harbour environment, reasonably manage stormwater and wastewater system. 
 
The General Concept of WSD 
WSD is “An approach to freshwater management. It is applied to land use planning and 
development at complementary scales including region, catchment, development and 
site. Water sensitive design seeks to protect and enhance natural freshwater systems, 
sustainably manage water resources and mimic natural processes to achieve enhanced 
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outcomes for ecosystems and our communities” (Fenelon, Hellberg, & Council, 2015, 
p5-p6). 
 
Considering how to prevent the impacts of urban development on the water system, 
WSD is a holistic urban design process which reaches to create more significant 
harmony relationship between water management and communities’ healthy lifestyle 
(Lee, Yigitcanlar, Dawes, & Goonetilleke, n.d.; Triskelidis & Engineer, 2015). The 
purpose of WSD is to recognise the influence of hydrological cycle and seek ways to 
improve catchment hydrology environment in response to urbanisation and urban land 
development (Fenelon et al., 2015). In terms of planning and design process, WSD aims 
to provide appropriate water management during developed areas while optimising the 
chances for bringing more benefits to human society and the natural environment 
(Fenelon et al., 2015). As an interdisciplinary, WSD covers a broad range of objectives 
like flood risk management, wastewater management, green infrastructure delivery, 
water quality prevention, water reusing and recycling (Fenelon et al., 2015; Kazemi, 
Reza, & Myers, 2018; Lewis et al., 2015). 
 
Cox’s Bay is an inner-city harbour of Auckland region. Due to improper stormwater 
management and combined sewer system, this area is suffering from the distribution of 
unsafe seawater problems. Therefore, this project will explore a decentralised design 
solution to manage catchment’s stormwater system by following the WSD paradigms 
to deal with the harbour water quality issue. According to the current situation, this 
project is able to evolve the suitable strategies of WSD with ancillary social-economic, 
ecologic and environmental sustainability benefits. The goal of this project is to settle 
down an incorporated design solution by adapting living roofs, rain gardens, permeable 
pavements, tree pits, planter boxes and above-ground detention ponds.  
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1.2 Research questions 
 
Main question: 
How can a decentralised design system protect harbour pollution by considering the 
urban catchment?  
 
Sub-questions: 
      How to solve Cox’s Bay harbour contamination by evolving WSD strategies? 
 
 
1.3 Research Rationale 
 
The strong relationship between sustainable urban development and water quality 
management is the first reason to develop this research project. Water is a fundamental 
requirement for the entire array of environmental, economic and social need (Ministry 
for the Environment & Statistics New Zealand, 2017). In the urban development in 
Auckland context, the Auckland Unitary Plan (PAUP) is established aiming to guide an 
integrated urban development to respond to the pressures from continuously growing 
population and for improving local economic, ecological, biological sustainability 
(Murphy, 2016). Meanwhile, managing water resources as a part of RMA will 
significantly influence the Auckland development for at least 50 years (Fenelon et al., 
2015). Hence, improving water quality will, in turns, assist sustainable development in 
Auckland. 
 
Secondly, accessible cleaning water resources will provide a liveable environment for 
residences and improve people’s life quality. Regardless of the indispensability of water 
resource, it is not only for people’s daily consumption and sanitary needs (Rosegrant et 
al., 2002) but also for people’ recreational activities by providing an aesthetic and 
pleasant environment with cleaning streams, lake, river (Parliamentary Commissioner 
for the Environment, 2012). No doubt, protecting the hydrologic environment is crucial 
for the quality of human life. Therefore, this design research is also to discuss how 
improving the harbour water quality and fixing the catchment water pollution can create 
a better environment for residents. 
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A sufficiently safe water environment is essential for sustaining human health, and 
maintaining biodiversity, particularly in marine spaces, because a contaminated harbour 
will enhance the likelihood of getting skin diseases (Ministry for the Environment & 
Statistics New Zealand, 2017). At the same time, seawater contamination is threatening 
more than one-quarter of marine mammal species or subspecies with extinction. For 
example, Bryde’s whale, Māui dolphin, New Zealand sea lion, orca, and southern 
elephant seal are near the brink of extinction (Ministry for the Environment & Statistics 
New Zealand, 2016). From this perspective, it is necessary for this project to take into 
account how to protect New Zealand’ harbours will be much healthier and cleaner. 
 
 
1.4 Aims and Objectives 
 
The aims of this study are: 
● Understand the strategies of WSD for supporting water management in Auckland 
regional areas by retrofitting an existing inner-city open space. 
● Develop a design solution to improve the water quality of Cox’s Bay catchment. 
 
The objectives of this work are: 
● To investigate the current conditions of the hydrological environment and the water 
resources crisis in New Zealand region 
● To understand the definition, function, benefits, limitations of WSD and evaluate 
precedents of WSD in both global and Auckland region. 
● To comprehend the implementation of WSD strategies. 
● To investigate the features and characteristics of Cox’s Bay and identify the causes 
of Cox’s Creek contamination by visiting the site, reviewing literature, 
investigating geographic mappings. 
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1.5 Methodology 
 
This study will follow the structure of ‘research by design’ by applying both 
quantitative research methods and qualitative research methods.  
 
In terms of ‘research by design’, it is an approach commonly used to build a 
coherent model in research by developing a design work. This methodology is 
centred in the field of architecture, landscape architecture and urban design 
(Roggema, 2017). There is a typical process structure of ‘research by design’ which 
is generally divided into three main stages, namely pre-design, design and post-
design (as below Figure 4 shows). 
Figure 1.4, the combined approaches of ‘research by design’ (Roggema, 2017). 
 
Overall, the process of this design will be divided into three main stages by 
following the ‘research by design’ framework. At first, to understand the WSD 
theory through reviewing and analysing relevant literature and case studies. 
Secondly, conduct the scientific site investigation to select a site and identify Cox’s 
Bay’s current situation in order to understand the contributory causes further. 
Finally, the design development is to apply a design solution, to reflect the benefits, 
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limitation of design performance, to influence the future implementation in other 
places. 
 
1.5.1 Pre-design Stage 
 
Reviewing a range of literature plays a crucial role in this research, which is to 
broaden the understanding of the function of WSU in improving water quality. The 
critical findings will concentrate on its concept, historical development, typical 
components, advantages and disadvantages. Apart from that, this initial stage is to 
involve WSD into this project better, comparing it with other similar theories like 
Low-impact Development (LID), Sustainable Drainage Systems (SUDS), Low-
impact Urban Design (LIUDD) and Water Sensitive Urban Design (WSUD).  
 
There is a range of case studies relating to WSD nodes and corridors that may shed 
some light on how to comprehend the process of implementation and the realistic 
impacts of WSD approaches. The aims, benefits, strengthens, and weakness of these 
cases will be summarised to help design better this project. 
 
1.5.2 Site Investigation 
 
GIS Analysis and Geomaps Investigation 
As an objective geographic analysis measure system, Geography Information 
System (GIS) can support the design to gather vital information such as hydrological 
conditions and the situations of land cover. In this project, the role of GIS is to 
identify the scope of Grey Lynn sub-catchments and the size of them. Geomaps 
network is a website designed by the Auckland regional council to sharing 
information about different types of geographic information of Auckland content. 
This website is primarily utilised to gather information of the current conditions of 
Cox’s Bay including a range of catchment, contour, the situation of surrounding 
land use, the direction of overland flow pathways, and the specific location of 
underground pipe systems. 
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Site Visit 
A site visit may directly bring the feeling and vision evidence to the researcher, 
which may help quickly understand the real situation and apparent problems and 
choose the reasonable solution for addressing the problems. 
 
1.5.3 Design Development Stage 
 
WSD Design Methods 
At the last stage, WSD technological research, particularly the document named 
‘Water Sensitive Design for Stormwater (GD04)’ by Auckland city council, will be 
carried out to understand the options and requirements of water quality treatment 
systems. After that, according to the surrounding situations and land use 
classification of Cox’s Bay, this document will serve as the guide to support the 
researcher in planning what strategies and techniques of WSD to be utilised in this 
project. To be more specific, there are six most suitable components of WSD 
techniques to utilize: rain garden, constructed wetland, water pond, vegetated swale 
and tree pits permeable pavement. According to the real situations, the draft of 
specific design sites will be drawn then by using Autocad, Photoshop, Sketchup to 
provide relevant rendering pictures, design concept plan, long section and elevation. 
 
TP108 Calculation Methods 
In this research, the main calculation methods will be TP108 and GD01. TP108 is a 
recommended method for servicing the rainfall-runoff model to the catchment in 
the Auckland Region. Moreover, GD01 is an updated document of Stormwater 
Management Devices: Design Guidelines Manual (TP10) to bring detailed design 
consideration to better support researchers in choosing reasonable stormwater 
devices.   
In this project, stormwater devices to be adopted depends on water volume 
(Auckland Council, 2017). This research aims to treat water quality issue by using 
WSD devices so that Water Quality Volume (WQV) is required to calculate. WQV 
refers to “total volume of rainfall events that deliver the majority of stormwater 
pollutants during a year” (Auckland Council, 2017). Additionally, the analytical 
method is limited to 80ha catchment. Therefore, the recommended methods of 
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TP108 can satisfy the requirements of this project to calculate runoff volume and 
the WQV equates to the runoff volume of 90th percentile storm.  
 
 
1.6 Summary 
 
The research is going to understand what is WSD and how efficient WSD will be in 
addressing water quality issues in the Auckland region. At the same time, the project is 
expected to explore the reasons why WSD is the most appropriate design process to 
conduct this project. Secondly, the research will concentrate on a range of case studies 
and then will deeply analyse and highly summarise the similarities and differences of 
these strategies or techniques be used. Next, a test site with similar issues will be 
analysed including its current situations such as geographical information, regional 
function, residents’ lifestyle and activities preference in order to better decide which 
methods and specific techniques belonging to WSD are more suitable to be 
implemented. Then, according to real, local conditions, the scheme of design will be 
formed. Finally, this study is going to present the outcome through theoretical 
prediction and calculation evidence to indicate what impacts involve in this project and 
how they influence other relevant stormwater management issues. 
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Chapter 2 Literature Review 
 
2.1 Introduction 
 
To review relevant theories and precedents is essential for comprehending the concept 
of WSD to conduct this design research’s development better. Firstly, this chapter will 
introduce urban sustainability and water sustainability theories, then illustrates the 
relevant policy or strategies which cater to sustainable urban development and water 
sustainable development. Next, the detailed introduction of WSD will be provided with 
a discussion of its definition, aims and objectives and strategies. Finally, there is a range 
of cases studies from the international and local context; they may assist with 
understanding the stormwater management design methods and provide opportunities 
to the comprehension of WSD techniques’ implementation.  
 
 
2.2 Urban Sustainability and Water Sustainability 
 
2.2.1 Sustainability 
 
The concept of sustainability requires policies and strategies which not only support 
present society’s development in economic, social and environmental perspectives 
but also should meet future generation’s needs (Das, 2016). In 1987, the United 
Nations presented the definition of sustainable development: “development that 
meets the needs of the present without compromising the ability of future generation 
to meet their needs” (Troy, 2013, p470). 
 
2.2.2 Urban Sustainability  
 
The theory of urban sustainability contributes to creating a sustainable blueprint for 
the future urban life through enhancing the capacities and stability over ecological, 
economic and human health aspects (Troy, 2013). Urban sustainable development 
goal (USDG) firstly appeared in the post in 2015 United Nations sustainable 
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development agenda, which emphasised making cities and human settlement 
inclusive, safe, resilient and sustainable. Furthermore, how to build a sustainable 
urban development currently is the one hot topic around the world no matter for the 
developed countries or the developing countries. 
 
As we all know, our current social and economic development is achieved with the 
sacrifices of our natural environment. Humans are now facing issues like climate 
change, biodiversity extinction, natural resource pollution and shortage of natural 
resources. Therefore, people should take actions to mitigate these adverse influences 
and to recover ecology and environment’s vulnerability. Early in the twentieth 
century, Carroll and Lindsay (1918) mentioned the fundamental aspects of 
protecting and maintaining both ecological and environmental systems are centre 
on modern society.  
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2.2.3 Water Sustainability 
 
In the USDG, it is pointed out that the target of reducing the adverse environmental 
impacts of cities, particularly in multiple waste management should be achieved by 
2023 (Klopp & Petretta, 2017). In order to cater to this goal, water resources 
management was referred to as the crucial segment. The water sustainability called 
for the way of water resources management to meet both present and future 
generation’s water requirement (Das, 2016; Hogeboom, Kamphuis, & Hoekstra, 
2018; Juwana, Muttil, & Perera, 2016; Kwon & Bailey, 2018). 
 
Considering the sustainability aspect of water resources, Das (2016) pointed out that 
water resources management should include four components, namely Resilience, 
Equity, Affordability and Stewardship. Firstly, the Resilience required natural water 
systems should be managed to conflict disturbance, recover balance and adjust 
change (Das, 2016; Hogeboom et al., 2018). The Equity was to ensure the needs 
from ecological systems and human society and to provides more opportunities and 
benefits to the future (Das, 2016). Next, in terms of the Affordability, it allowed the 
water to be accessible and affordable (Das, 2016; Klopp & Petretta, 2017). Lastly, 
the Stewardship called for the usage and management of water should be taken into 
consideration to ensure the quality and resilience of water systems (Das, 2016; 
Klopp & Petretta, 2017; Kelly, 2014). 
 
 
2.3 Similar Water Management Design Theories 
 
With growing awareness of protecting water resources and promoting hydrological 
quality, there are various water management theories employed in different countries, 
which support plenty of completed practices to achieve the goal of managing water. 
From those shared experience, theories and performances, the researchers are more 
likely to understand the development of water management. In this project, they might 
provide information from different perspectives to help identity which design strategies 
to be chosen to fix harbour water pollution.  
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In the United Kingdom, the term of integrating the urban water cycle calls “Sustainable 
Drainage System (SUDS)”. This similar movement in the United Stated is named 
“Low-impact Development (LID)”. The evolution action on regulating stormwater and 
wastewater in Australia is called “Water Sensitive Urban Design (WSUD)”. In New 
Zealand, this professional discipline is “Low-impact Urban Design and Development 
(LIUDD). In China, the relevant principle, which extremely reflects the water 
management under different types of scale contexts, is called “Sponge City”.  
 
Sustainable Drainage System (SUDS) 
SUDS formerly is brought up in the UK to replicate the drainage pattern of the natural 
system through cost-saving solutions to support drain away dirty, to control flooding, 
and to protect watercourse by surface water collection and decontamination. This 
approach is mainly about how to manage the drainage system to address water quality 
problems by storing or reusing surface water to prevent flooding. The system not only 
brings opportunities for reducing the adverse impacts on the traditional surface water 
system but also potentially connects water management with green space development 
with human health lifestyle (Campbell, 2015). 
 
The scheme of SUDS advocates utilising an entire management train, includes the 
following four stages. The first step is to source control of water volume by collecting 
run-off water on roofs. Pre-treatment as the second step is to remove pollutant from 
water flows by the function of vegetated swales or filter trench. Next, it is retention, 
which acts on storing water for delay surface flows discharging into watercourse by 
pond or wetland. The final step is infiltration allowing water to be soaked into the 
natural ground layer (Ellis & Lundy, 2016). 
 
In terms of site design, Guidance on the Use of Sustainable Drainage Systems (SUDS) 
is designed to control runoff and manage the water system. The combination of filter 
drains, and the permeable surface will support rainfall directly soak into the ground. 
Meanwhile, utilising green roof and bio-retention is advisable to filter and storage the 
drains through vegetation and permeable surface. 
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Low-impact Development (LID) 
The definition of LID is described variously in different countries. In the United 
Kingdom, LID is about decreasing negative environmental impact and enhancing 
environmental quality (Fletcher et al., 2015). Specific practices of LID in the UK 
include creating low or zero carbon housing, making use of natural or local materials 
and innovating sustainable forms of land management. 
 
However, in the US and Canada, LID is a term to illustrate a land planning and 
engineering design approach which concentrates on the management of stormwater 
runoff. It highlights the policy of using the on-site natural feature to protect the quality 
of water. Moreover, the engineering approaches aim at small scale hydrologic control. 
Additionally, LID in the U.S. and Canada is a part of the Green infrastructure, which 
aims to yield multiple benefits for human society and enhance city resilience. Hence, 
the meaning of LID is broadly equivalent to the Sustainable Drainage System (SUDS). 
The formal definition of LID which refers to “a new comprehensive land planning and 
engineering design approach to maintain and enhance the pre-development hydrologic 
regime of urban and developing watersheds” (Delaria, n.d.). 
 
The standard design practices and engineering controls of LID include bioretention (like 
rain garden), cisterns, green roofs and porous pavement. The limitations are inadequate 
design standards, lack of understanding about LID technology and the high maintenance 
cost of LID practices (Delaria, n.d.; Summary & Concerns, 2009) Even though there is 
still much room for improvement, its benefits cannot be underestimated. The typical 
LID performance will help protect animal habits, better manage stormwater runoff and 
flooding, enhance previous land surface and improve groundwater quality to a great 
extent (Delaria, n.d.; Fletcher et al., 2015). 
 
Water Sensitive Urban Design  
The issues of water management are one of the significant challenges we are facing 
today. Australia has previously innovated the framework of WSUD with employing 
following sustainable development to improve stormwater quality and control the 
quantity of run-off (Kazemi, 2017). In turns, WSUD provides a series of green 
technologies such as wetlands, ponds, bio-retention systems, permeable pavements and 
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green roofs for stormwater treatment, detention, and reuse (Kuller, 2018).  
 
WSUD, as a distributed and green urban infrastructure, also offers full coverage 
application for combating climate change and adverse urbanisation effects (Kuller, 
2018). Apart from that advantages, the WSUD’s strategies also encourage the practices 
to achieve multi-proposed development for surrounding areas such as maintaining the 
wildlife habitats and promoting open green space for human activities (Backhaus & 
Fryd, 2013; Dobbie & Green, 2013). 
 
Melbourne (Australia) is the first place to implement strategies of WSUD. The weather 
condition and waterways’ features are the primary elements to consider when applying 
the ESUD. Through the experiments, many cases in Melbourne play a pioneering role 
for the worldwide to show a unique, metropolitan-wide performance of WSUD (Kuller, 
2018). 
 
However, the most significant limitation of WSUD is urban form, because it will 
constrain the decision on the location of WSUD significantly. For instance, a place with 
high-intensity land-use and large population might have limited space to apply the 
infrastructure of WSUD. 
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Worldwide 
Theories  
Main Objectives  
SUDS (UK) Indicates measures for sustainable stormwater management 
primarily aims at suitable management in the drainage system  
LID (UK) A core is using the cost-saving, eco-friendly measure to plan land 
use and to address environmental problems 
LID (the US 
and Canada) 
Describes approaches of planning and engineering design for better 
managing stormwater run-off with following the goal of 
sustainable management. 
LIUDD (NZ) introduces an integrated urban design and sustainable development 
process to achieve multiple urban outcomes 
WSUD (AU) Mentions ways which use to integrate water cycle management, 
mainly contribute to stormwater management and taking account 
of urban planning and design in the meantime 
Table 1. the summary of global stormwater remediation theories’ main objectives 
(Author, 2018) 
  
These cutting-edge worldwide theories about the land plan and water resource 
management have a positive influence on developing countries, especially China. The 
term “sponge city” which has been mentioned by Kongjian Yu, as a fundamental water 
management concept in China, provides consideration in addressing flooding, 
balancing water shortage, improving water quality. Sponge city schemes to manage 
water in multi-scale site, ranging from macro urban planning to micro landscape design. 
The most prominent feature of a sponge city is its underground water system to act like 
a big sponge on the absorption and filtration of stormwater flows and discharge them 
for reusing during the urgent situation. The target of controlling run-off requires 
designed work to follow the law of the natural hydrological cycle and must comply with 
the technical and economic principle. It is also worth mentioning that successful 
implementation of a sponge city is determined by integrated analysation including 
climate characteristics, urban development intensity, usage of water resources and 
relative calculation of the total amount of runoff. 
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2.4 The Previous Water Resources Management in New Zealand 
 
In New Zealand, there are different types of policies and strategies that have been 
published to achieve the primary goal of creating the most ‘liveable’ country. The 
Resource Management Act (RMA) was first brought up to provide a formulation 
process to conduct the development of practises in many regions of New Zealand 
(Montgomery & Kidd, 2004). After that, to further promote the posed RMA, 
Montgomery and Kidd (2004) dedicated that the indentation of Environment Dispute 
Resolution (EDR) theory produced by the Ministry for the Environment concentratedly 
aided to make an environmental decision. Then, the structural evolution of the Local 
Government Act (LGA) largely contributed to the public stormwater services involving 
planning, management (Puddephatt & Heslop, 2007). To support the implementation of 
both RMA and LGA legislation, the Low Impact Urban Design and Development 
(LIUDD) was introduced to manage the stormwater in New Zealand and to illustrate 
the implementation standard of different types of stormwater facilities (Eason, Pandey, 
Feeney, Roon, & Dixon, 2002; Puddephatt & Heslop, 2007; van Roon & van Roon, 
2009). Finally, the Auckland Unitary Plan (PAUP) was proposed to power on the 
environmental resource’s management especially in water perspectives (Lewis et al., 
2015)  
 
Low Impact Urban Design and Development (LIUDD) 
The evolution of LIUDD in New Zealand mainly guides sustainable urban development 
and targets in achieving multiple urban outcomes (Puddephatt & Heslop, 2007). LIUDD 
is defined as an integrated urban design and development process using nested scales 
within catchments in urban and peri-urban environments (van Roon & van Roon, 2009, 
p.1). LIUDD appeals to people to rethink the relationship between design and 
development in order to minimise the damage or destroy, resulting in the natural 
environment (Eason et al., 2002). At the same time, LIUDD also emphasises the 
concept of resilient ecological capacity, which might consequently influence the 
sustainable development for our society. The sub-concept of LIUDD in New Zealand 
is to respond volume of stormwater control as well as water quality control; to integrate 
stormwater management; to minimise the concentration of rainwater in the pipe; and to 
reduce contaminants by using natural process (van Roon & van Roon, 2009). In other 
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words, LIUDD’s general concentration is to protect and enhance natural resources using 
water sustainably.  
 
Low Impact Design (LID) 
The LID design methods crucially contribute to the sustainable urban development in 
protecting and incorporating natural site features, particularly in controlling land 
erosion and sediment as well as integrated stormwater management (Lewis, M, Van 
Wijnen, S, Coste, 2010). This term also is involved with achieving multiple objectives 
for PAUP such as controlling peak rate and volume, improving water quality, 
maintaining the urban temperature (Lewis, M, Van Wijnen, S, Coste, 2010). The LID 
ideally provides a comprehensive solution to address the complex stormwater issues. 
Lewis, VanWijnen and Coste (2010) illustrated that the LID design proposition should 
concentrate on prevention rather than mitigation.  
 
 
2.5 Water Sensitive Design (WSD) 
 
Nowadays, the implication of Sustainable Stormwater Management (SSWM) has been 
increasingly recognised by different countries and cities because SSWM always strives 
to multi-proposed achievements which may support hydrological, ecological, social and 
economic development (Goulden, Portman, Carmon, & Alon-Mozes, 2018; Romnée, 
Evrard, & Trachte, 2015). Oppositely, conventional stormwater management 
approaches are more likely to treat the rainfall quickly and wisely without integrated 
urban consideration (Gogate, Kalbar, & Raval, 2017; Goulden et al., 2018; Mitchell, 
2006). As an alternative solution, SSWM virtually maintains a good relationship of the 
water management and overall spatial planning by overcoming limitations of previously 
fragmented water management and offering broader technical stormwater devices with 
required ecologic-social sustainability considerations (Wiering and Immink, 2006).  
 
The common practice of SSWN are mainly designed to retain, detain, convey and 
preserve rainwater flows for supporting the movements of recharge, recycle, reuse, 
reduce and filter the stormwater (Goulden et al., 2018). The benefits of adopting SSWM 
include efficiently reducing stress on the downstream drainage systems as well as 
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appropriately transporting catchment’s water (Han and Mun, 2011; Nguyen and Han, 
2017). Not to mention that SSWM also provides green techniques such as green roofs, 
rain gardens, wetlands to treat urban stormwater problems.  
 
In the past few decades, the numerous sustainable paradigms around the world have 
been innovated to cope with adverse impacts of urbanization and climate change 
(Chang, Lu, Chui, & Hartshorn, 2018; Dhakal & Chevalier, 2017; Eckart, McPhee, & 
Bolisetti, 2018; Gogate et al., 2017; Goulden et al., 2018; Qiao, Kristoffersson, & 
Randrup, 2018; Romnée et al., 2015). The SSWM seems to be the right solution for the 
cities and regions’ sustainable development of both developed and developing 
countries.  
 
In New Zealand, the uptake of LIUDD provide approaches to guide the integrated urban 
stormwater management and land development activities across the whole country. 
However, the fundamental challenge of SSWM is not the lack of comprehension of 
techniques’ implementation but the governance arrangement (Qiao et al., 2018). To 
overcome that, different city councils in New Zealand should take responsibility to 
manage their local development. For instance, in Wellington, its city council employs 
the WSUD methods to guide the regional stormwater management. Similarly, the 
Auckland city council works on managing the city’s stormwater under the guidelines 
of LID and WSD. 
 
The introduction of WSD not only provides a framework to guide urban land use 
planning and stormwater management but also is fundamental in assisting the 
development of PAUP (Lewis et al., 2015). However, comparing with the previous LID, 
WSD in the Auckland region broadly considers conducting the stormwater and 
freshwater management (Fenelon et al., 2015; Lewis et al., 2015).  
 
WSD has been formally defined as “An approach to freshwater management, it is 
applied to land use planning and development at complementary scales including 
region, catchment, development and site. Water sensitive design seeks to protect and 
enhance natural freshwater systems, sustainably manage water resources, and mimic 
natural processes to achieve enhanced outcomes for ecosystems and our communities” 
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(Lewis et al., 2015, p.12). 
 
The content of the WSD principle provides interdisciplinary design methods to manage 
stormwater and to develop catchment within parallel with ecologic, socially sustainable 
development (Lewis et al., 2015). The strategies of WSD enable promoting both 
greenfield and brownfield situations for responding to the existing on-site concerned 
issues. The proposed design approaches in Greenfield with the valuable and sensitive 
environment will concentrate on natural resources’ protection and enhancement (Lewis 
et al., 2015). On the contrary, when it comes to brownfield management, WSD design 
methods still enable to most significant redevelopment environment even though those 
areas have limited natural resources (Lewis et al., 2015). The typical construction 
includes bio-retention facilities, living roofs and living walls, vegetated swales and filter 
scrips, above-ground detention facilities. 
 
 
2.6 Case Studies 
 
Global Context 
 
From Grey to Green, Portland, Oregon, USA 
In the city of Portland is served by combined sewer systems, which failed to deal with 
overloading drains issues during heavy rain season (Gmbh & Berlin, 2011). This project 
was proposed as a city-level sustainable stormwater management program to address 
not only watershed pollution issues but also to provide open public space for human 
activities and wildlife habitats. According to Gmbh and Berlin’s paper, the scope of this 
design area is 376.5 km², and the water surface area is up to 28.6 km². In 2009, the 
population of Portland was 582130 with higher population density in the city centre 
than its suburban areas (Gmbh & Berlin, 2011). 
 
The scheme of this project is divided into two parts. Firstly, the large tunnels will be 
constructed to catch and redirect the flows to treatment through the engineering 
approaches. Secondly, this program dedicates to separate as much as stormwater flows 
from combined sewer system by employing decentralised solutions such as green roofs, 
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rain gardens, vegetated swales and planters. In term of green infrastructure measures, 
this project maximises the efficiency of vegetation. By 2013, Portland has implemented 
43 acres of a green roof, 50000 street trees and 920 green streets (Gmbh & Berlin, 2011). 
Also, the budget of this project provides 50 million dollars for the over five years of 
implementation of vegetations (Gmbh & Berlin, 2011).  
 
 
 
Figure 2.1, the structure of SW 12th Avenue Stormwater Planter (Bureau of 
Environmental Services, City of Portland, & USA, 2005) 
 
As a result, the outcomes of this programme are outstanding, not only reducing the 
pollution of the downstream drainage system to enhance the hydrological environment 
but also providing more amenity open space to improve local liveability. The tour of 
green streets has also been established to build a relationship between cycling activity 
and stormwater divides for win-win objectives. 
 
Figure 2.2, ‘From Grey to Green’ project offers a connection between stormwater sites 
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with human actives (Bureau of Environmental Services, City of Portland, & USA, n.d.). 
 
A Kokkedal Climate Adoption Plan 
In Kokkedal, due to recent climate changes, the old conventional sewer system could 
not handle the increasing volume of stormwater any longer. Kokkedal is expected to 
experience more rain in the winter and less in the summer season, but with 20% to 40% 
higher chance of having summer rainstorms in the future (Thoren, 2014). Moreover, the 
drainage systems instantly discharged sewer water into the nearby stream which 
seriously disturbed residential living quality in surrounding areas. A separate 
stormwater piping system also failed to function as expected. 
 
Figure 2.3, Kokkedal climate adaption plan to solve stormwater and sewer water 
problems (World architecture., 2014) 
 
The Kokkedal Climate Adopting Plan is introduced to adopt the open stormwater 
system using grassed channels to open stormwater channel and enhance the green 
infrastructure for the community. The channels will be arranged on one side of 
driveways, and its primary function is to gather the stormwater from both roads and 
apartments’ roofs and bring it to a swale. Then, the swale conveys the whole collected 
water down into a retention basin. The flood plains may reserve the excessive water and 
transport them to the valley. This plan also is named as “Blue-Green Garden City”, 
which highly responses to the requirement of climate adaption to largely mitigate the 
excessive flooding problems.  
 
The Mbezi Catchment Revolution 
In the Mbezi River catchment, the banks of the main river used to face a high risk of 
flooding with the highest flood in the river valley and the vicinity to the river mouth. 
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Many houses have been collapsed by the intensive stormwater because of soil erosion. 
In order to mitigate the flooding risk, most roads have been widened or paved to provide 
a finer-grained road network for the public. This development has provided more open 
green spaces and increased peak flow.  
 
This project adapts the treatment train method, which is divided into six different levels: 
● Building level: rainwater is monitored and storage by underground or ground rain 
tanks. The received rainwater will then be used as domestic washing, cleaning or 
vegetation irrigation. 
● Land parcel level: the private garden can manage a part of stormwater by 
rainwater flow through planting beds or permeable pavers. 
● Neighbourhood-level: the house will be organised by “10 cells” plan, which 
focuses on arranging local roads and electricity supply. Moreover, the ten cells 
level will exert a positive impact on reserving community-level water. 
● Valley level: the water will be received from surrounding areas. Existing water 
reservoirs can be used as fishponds or sediment traps, providing a recreational place 
for nearby residents. 
● Tributary level: as a feasible scale, tributary areas are greener than the 
surroundings, but more sediment issues or water contamination will occur 
frequently. Hence, implementing perpendicular barriers will help isolate water 
sedimentation. 
● River level: low-lying flood plains encourage water to flow, and the nearby land 
buffer is more likely to be built by various ways to face different water levels. That 
means the river level will be the final step to filter dirty water flow (Fryd et al., 
n.d.). 
 
Figure 2.4, the treatment train of the Mbezi River (Fryd et al., n.d.) 
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The purpose of this landscape design-based stormwater management project is to 
promote water resilience by enhancing green infrastructure in urban spaces. The design 
plan for Mbezi River catchment aims at enhancing green field in a suburban landscape. 
The central concept is to identify a stormwater treatment train, which crosses spatial 
scales from building areas to the river catchment areas, to address catchment pollution. 
 
New Zealand Context 
 
Waterfront Wetland, Waitangi Park, Wellington 
Wellington city council has settled down several WSUD practices to carry out the RMA 
legislation. The relevant stormwater treatment devices include rain gardens, tree pits 
and wetlands to emphatically manage hydrology resources in Wellington city central 
areas.  
 
Waitangi Park, a favorite urban open space in Wellington Harbour, represents an 
upgraded implementation of waterfront wetland to the heritage the shared history and 
protects current fundamental water resources (Bryant, n.d.). The objectives of this 
wetland are to collect water flows from upstream and then to reuse it.  
 
 
Figure 2.5, Waitangi Park’s waterfront wetland (“Wraight Athfield Landscape + 
Architecture,” 2016) 
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Floating Wetland, Rotorua 
In Lake Rotorua, there is the largest human-made floating wetland in the world which 
is designed to improve the lake water quality and beautify the lake environment. The 
core function of the floating wetland is to remove nitrogen and phosphorus contaminant 
from the lake. Besides, this wetland also attracts tourists’ attention to increase local 
incomes. 
 
Figure 2.6, a floating wetland on Lake Rotorua (Russell, 2018) 
 
 
Long Bay, Auckland 
Long Bay is situated at the north of Auckland metropolitan area and abuts the Okura 
catchment. It is famous by its nearly four kilometres pristine estuary near Hauraki Gulf. 
The integrated urban plan in this area is expected to construct an upgraded and eco-
friendly suburb environment to meet the requirements of subdivision development and 
the water management 
 
Long Bay project involves implementing treatment train methods to construct wetlands, 
permeable pavement, green streets and rain gardens under the WSD strategies. The 
green street program is part of the Long Bay project, which transforms the 
neighbourhood street to be more attractive and animated. The goal of this program is to 
28 
 
create a “garden street” for responding land use and catchment water management and 
improving the surrounding road network. 
 
Figure 2.7, the structure of the Long Bay community streets (ADM, n.d.) 
 
The treatment system in Long Bay presents one of the best performances of WSD. The 
street in this area is divided into two classics of road. The primary road network mainly 
supports new entry to the Long Bay Regional Park and the village centre and schools. 
The secondary road is built to link pedestrians as a connectivity and permeability 
network. 
 
 
Figure 2.8, the overview of Awaruku wetland in Long Bay (Author, 2018). 
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Figure 2.9, the Awaruku wetland shows the implementation of vegetated wetland 
(Author, 2018) 
 
Hooton Reserve, Albany, Auckland 
Hontoon Reserve is in Albany which is defined as one of great developed Northshore 
suburb in Auckland. With an increasing number of populations in Albany, the 
requirement of green and public space has become a local council or relevant 
departments’ priority. Nowadays, Albany is suffering from the increasingly inundating 
severe stormwater problem. Therefore, WSD has been applied in Hotoon Reserve by 
using techniques like riparian buffers and vegetated swales. It is indicated that riparian 
buffers are likely to settle down streambeds where stormwater flows through to mainly 
capture relatively large pollutant. In the long run, Hontoon Reserve is designed to 
protect natural heritage and better support local water management in terms of 
controlling the stormwater quantity and improving the quality of surrounding 
watercourse. 
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Figure 2.10, above-ground vegetated detention ponds in Hooton Reserve (Author, 
2018) 
 
        
Figure 2.11, riparian buffer in Hooton 
Reserve to capture solid (Author, 2018).  
Figure 2.12, a vegetated swale to convey 
and filter runoff flows (Author, 2018).
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   Rising Parade, Albany, Auckland 
The Rising Parade is an excellent example to show how rain gardens service water 
management and how to fix the problem of car parking issues when rain gardens replace 
the traditional sidewalk. As pictures below have shown, the structure of curb-cut not 
only directs the runoff flows into rain gardens but also sets a boundary with a car 
parking area. Furthermore, the reorganised road network significantly improves traffic 
and pedestrian safety. Apart from that, this design creates an open shared green space 
with amenity atmosphere for surrounding residents. 
 
 
Figure 2.13, rain gardens applied on community streets (Author, 2018). 
 
 
Figure 2.14, the situation of the car parking area when a field settles down rain gardens 
(Author, 2018) 
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Teed St, Newmarket, Auckland 
Newmarket is situated in the commercial centre of Auckland. Both its business model 
and integrated regional urban plan have been improved continuously and finally present 
a modern, attracted, joyful and having multi-function public area. There are 
merchandise streets which infuse modern elements into a historic building. 
 
Figure 2.15, the enjoyable environment with the greens for people relaxation and 
recreation needs (Author, 2018) 
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Figure 2.16, proposed rain gardens on modern commercial centre areas (Author, 2018) 
     
Figure 2.17, tree pits on streets with permeable pavements, nearby bench for people to 
enjoy the shallow (Author, 2018). 
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Figure 2.18, planter boxes on the commercial street for landscape value and using for 
absorbing a certain amount of rain. 
 
It is fair to say that Newmarket presents an exceptional case of implementing strategies 
of WSD into a commercial space. For example, applying rain gardens on streets 
improves their ability to absorb and filter stormwater flows from the pathway. Besides, 
more street trees have been planted to decrease the temperature to mitigate the urban 
heat-island effect eventually. 
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2.7 Summary 
 
 
 
Table 2. the conclusion about the WSD techniques used in case studies (Author, 2018). 
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Chapter 3 Methodology 
3.1 Introduction 
 
The purpose of this chapter is to introduce what this study employs methodologies and 
explain how to use them in the research. Moreover, the chapter goes on to present the 
process about how to complete this project and what methods have been consulted. 
 
 
3.2 Methodology orientations  
 
The project is developed by mainly following the structure of ‘research by design’ 
methodology in which will jointly employ the quantitative and qualitative research 
methods to collect useful data and information.   
 
In this study, ‘research by design’ will also be employed, which is an approach 
commonly used to build a coherent model in research by developing a design work 
(Roggema, 2017). Roggema (2017) illustrates that the main characteristics of research 
by design are to mitigate or even fix complex environmental challenge for both present 
and future. Apart from that, facing changing condition and shifting programmes, 
research by design can conduct developers to create a design which can reflect not only 
its impacts for its own the planned intervention but also multiple feedback allowing to 
be consulted by various places confronting with similar issues (Roggema, 2017). Unlike 
other academic studies, Roggema (2017) points out in the field of urban design; 
researchers cannot bring a single, simple formulation of problems until a solution is 
accepted. In other words, many types of research only can present a more reasonable 
answer. For this perspective, ‘research by design’ will encourage a design to reach 
unique solutions and invention (Roggema, 2017). Therefore, the approach of ‘research 
by design’ at best can encourage this study to create a design for mitigating or even 
solving catchment pollution through referring the guide of WSD in order to recover 
harbour water quality. 
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Research following a quantitative approach usually explores specific and precise 
questions which might be: ‘what impact?’ or ‘how can’ to pursue an objective factor 
even examine a relationship between two events (06. Methods of data collection and 
analysis, 2014). It will provide researchers with numerical data which support obtain 
an answer specific research questions or promote the development of research. In 
contrast, qualitative approaches analyse a phenomenon or programme and frequently 
explore ‘why’ questions (06. Methods of data collection and analysis, 2014). Moreover, 
qualitative methodology belongs to a personal knowledge which is to gather non-
numerical data commonly through non-structure individual interviews. 
 
 
Figure 3.1, critical differences between qualitative and quantitative research (06. 
Methods of data collection and analysis, 2014) 
 
 
3.3 Quantitative Research Methods 
 
Quantitative research approaches are valuable because they focus on reliability, validity 
and scientific principles (Opoku, Ahmed, & Akotia, 2016). Additionally, Ahmen, 
Opoku and Aziz (2016) indicate that the characteristics of quantitative methods are 
usually used in a systematic, controlled, mechanistic way for investigating stable natural 
phenomena to seek a precise analysis of target concepts. Furthermore, Sarantakos (1998) 
identifies a range of applications which quantitative research is suitable for introducing 
the closed and planned approach, using a deductive approach, in situations when the 
researcher is distant from respondents. 
Considering how quantitative research methods effects on this project mainly contribute 
to collect Water Quality Volume (WQV) data. The first-hand calculation of WQV 
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belongs to the statistical data which present objective knowledge. Hence, this design 
research requires to consult with quantitative research methods. 
 
Calculation methods 
In this research, the calculation methods mainly follow the discipline of both TP108 
and GD01 (Lewis et al., 2015). TP108 is a recommended method for servicing the 
rainfall-runoff model to the catchment in the Auckland Region. Moreover, GD01 is an 
updated document of Stormwater Management Devices: Design Guidelines Manual 
(TP10) to bring detailed design consideration for supporting developers better to choose 
reasonable stormwater devices.   
During the process of this design work, stormwater devices whose best size always 
depends on a particular water volume (Lewis et al., 2015). This research aims to treat 
water quality issue by using WSD devices so that Water Quality Volume (WQV) is 
required to calculate.  
WQV refers to “total volume of rainfall events that deliver the majority of stormwater 
pollutants during a year” (Lewis et al., 2015). Additionally, the conventional analytical 
method is usually limited to 80ha catchment. Therefore, the recommended methods of 
TP108 can satisfy the condition of this project. The WQV equates to the runoff volume 
of 90th percentile storm. Therefore, to calculate WQV, the runoff volume should be 
calculated firstly by the equation of TP108 guideline. There is equation (Council, 1999): 
 V = 1000 × 𝑄24𝐴 
 
𝑄24 =
(𝑃24 − 𝐼𝑎)
2
(𝑃24 − 𝐼𝑎) + 𝑆
 
 
  𝐼𝑎 = 5
𝐴𝑝𝑟𝑒𝑣
𝐴𝑡𝑜𝑡𝑎𝑙
 
 
𝑆 = (
1000
𝐶𝑁
− 10) 25.4 
 
𝐶𝑁 =  
98 𝐴𝑖𝑚𝑝𝑒𝑟𝑣 + 𝐶𝑁𝑝𝑒𝑟𝑣𝐴𝑝𝑒𝑟𝑣
𝐴𝑡𝑜𝑡
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V, runoff volume (m³) = water quality volume 
𝑄24, runoff depth (mm) 
𝐴,  total catchment (km²) 
𝑃24, 24-hour rainfall depth (mm) 
𝑆, calculate storage (mm) 
𝐼𝑎, initial abstraction (mm) 
CN, curve number 
𝐴𝑖𝑚𝑝𝑒𝑟𝑣, impervious catchment area 
𝐴𝑝𝑟𝑒𝑣, pervious catchment area 
 
Figure 3.2 Curve number (Auckland Regional Council, 1999) 
 
After getting the result from a calculation, the outcomes then need to compare with 
the GD01 and decide which devices are suitable for the use in a specific area. 
 
 
3.4 Qualitative Research Methods  
 
The qualitative research methods commonly are used to collect the data which usually 
present phenomena or a meaning to support capture the existing experiences (Opoku et 
al., 2016). Therefore, it requires the researcher’s deeply comprehension of relevant 
information. In this project, these research methods will be used to examine the outcome 
of post-design work by consulting with existing practices or previous experiences to 
highly summarise this design performance in the end.  
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3.5 Research by Design 
 
The process of this design project will be divided into three main stages, which include 
the pre-design phrase, design phrase and post-design phrase. 
 
Pre-design stage 
Literature review 
Exploration of water quality issues undertook in a global, national, local context for a 
complete comprehension of potential treatment facilities and water management 
strategies. That theoretical and technical knowledge informed a design investigation 
which will examine the effects of strategies of WSUD in addressing water 
contamination.  
A proposal to concentrate on exploring the various approaches related to water 
management, particularly in the understanding aspect of improving water quality, the 
theories includes LID, SUDS, LIUDD. Moreover, in Auckland regional city council, it 
launches a discipline called “Water Sensitive Design” which give a professional entirely 
explanation of traditional Water Sensitive Urban Design and add more information 
aiming at achieving Auckland’s sustainable development. Learning from previous 
excellent case studies for further comprehension, at the same time, through field trips 
in Long Bay, Newmarket of Auckland, it allows the researcher to a great extent assess 
how the theoretical techniques can reasonably response water management and improve 
the hydrologic environment. Apart from that, it also takes consideration into how to 
select accessible facilities of WSUD to apply to different types of the land zone.  
 
Mapping analysis 
Due to requiring understanding the crucial information about study site Cox’s Bay, 
Geomaps network and Geographic Information System (GIS) software are employed to 
undertake a spatial analysis. Geomaps supports this study to understand the current 
necessary conditions in Cox’s Bay, include a range of catchment, contour, the situation 
of surrounding land use, the direction of overland flow pathways, the specific location 
of underground pipe systems. In terms of GIS, it mainly acts on accurately measuring 
the scope and size of sub-catchment in order to identify the scale of the design site and 
use to calculate Water Quality Volume. 
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Design stage  
WSD methods 
Next, at the step of design layout, WSD technological research particularly the 
document named ‘Water Sensitive Design for Stormwater (GD04)’ which published by 
Auckland city council, is initially carried out to understand the options and requirements 
of water quality treatment systems. After that, according to the surrounding situation 
and land use classification of Cox’s Bay, it will support developers to plan what 
strategies and techniques of WSUD are to utilise in this project. As a result, necessarily 
there are six most suitable components of WSUD techniques to be selected, each of 
them namely rain garden, constructed wetland, water pond, vegetated swale, tree pits 
permeable pavement. 
According to the realistic situation, the layout concept will be presented by sketching 
the draft of specific design sites, and then by using Auto CAD, Photoshop, Sketchup 
software to draw relevant rendering pictures, design concept plan, long section. 
 
Post design stage  
Finally, to assess this design project and draw a reflection about the performance of this 
design work to see how above those techniques of WSD influence catchment 
contamination. The results will be proved by statistic evidence which calculates through 
consulting with ‘Guidelines for stormwater runoff modelling in the Auckland Region 
(TP108)’ and ‘Stormwater Management Devices in Auckland Region (GD01)’. 
Additionally, the limitation and potential problems of this research will be given and 
indicating a suggestion for future development in the ends. 
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Chapter 4 Site  
4.1. Introduction 
 
This chapter discusses the reasons for choosing Cox’s Bay as a study site. First, the 
history and the current fundamental conditions of Cox’s Bay will be introduced.  Then 
several different types of maps will be employed to identify the causes of problems to 
support the design direction and the general design scheme further. 
 
In terms of the efficacy of WSD methods in addressing harbour water pollution, it is 
better to choose a site where there are various types of land zones or existing green 
fields to apply the facilities of WSD. Cox’s Bay area is one of the regular sites facing 
harbour water contamination issues. It belongs to sub-catchment of Grey Lynn 
catchment which is a place with multi-purpose land use and many existing open green 
spaces for further development. Therefore, Cox’s Bay is the perfect site to conduct this 
research 
 
 
4.2. Background and History 
 
Cox’s Bay is in central Auckland. The primary reason for choosing Cox’s Bay is the 
fact that it is now suffering from severe harbour water pollution, which has negative 
influences on both natural system and human well-being. Hence, using WSD to mitigate 
water pollution problem in Cox’s Bay will be the central aim of this study.  
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     New Zealand Context             Auckland Context 
  
     District Context                   Catchment Context 
Figure 4.1, the site location in the inner suburb of Auckland region (Geomaps, 2018) 
 
Cox’s Bay is situated on the Waitemata Harbour which belongs to the central part 
of Auckland hinterland area. The southern and northern part of Cox’s Bay 
respectively abuts with Westmere and Herne Bay. Cox’s Bay is also connected to 
Ponsonby on the east, and Grey Lynn on the south-east. Since the 1980s, the 
reclamation plan of Cox’s Bay has been carried out, and an incorporating public 
park has been established in Cox’s Bay. The Cox’s Bay Reserve lies on the south 
of Cox’s Bay beach and extends among West End Road and Richmond Road till 
the adjacent of Hukanui Reserve, Bayfield Reserve and Kelmarna Garden.  
 
The area of Cox’s Bay Reserve is approximately 14.3 hectares, to offer an open 
space to connect people with nature and to meet human activities needs like 
running, cycling, playing rugby and dog walking. Apart from that, this park with 
excellent viewing to Waitemata Harbour also represents perfect edges of 
waterfront. There is upgraded long boardwalk which plays a virtual role on holding 
surrounding communities together and the connection to Cox’s Creek and wetlands. 
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The ancillary impacts of this park encourage people to prevent native plants and 
habitats, and inherent the cultural coast heritage.  
 
 
Figure 4.2, the site located in the Cox’s Bay sub-catchment (Geomaps, 2018).
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The history of Cox’s Bay development started in 1840 when the European landed in 
Auckland and they named the river in the western boundary as Cox’s Creek and the 
district as Richmond (Wikipedia contributors, n.d.). Since 1859, a few blocks have been 
built on this area, and the industry began to develop. The Creek took the responsibility 
of transporting the logs and timber (Wikipedia contributors, n.d.). Until 1920, the mill 
had accidentally burnt all timber and the factory was shut down (Wikipedia 
contributors, n.d.). 
 
Take a glance at the view of Cox’s Bay in 1940; the land presents an uncultivated 
appearance. The coast extent on both side of the bridge on West End Road and there 
was a sports field lying on the northeast corner and besides the current Cox’s Bay 
Reserve. In 1950, the project of Cox’s Bay Reserve began (GET ACTIVE ENJOY THE 
VIEW, n.d.). The view Cox’s Bay in 1959 shows that the vegetation was planted around 
Cox’s Bay Reserve and the West End Road was improved. In 1996, the Cox’s Bay 
Reserve was almost completed and allowed residents to access. The pavilion was also 
settled down in that period. However, the lake was reasonably trimmed, particularly in 
the road network and sports field. In 2001, the Cox’s Bay Reserve looked more 
organised, and the West End Road was covered with the structured concrete surface. In 
2017, the integrated management plan in Cox’s Bay Reserve was finally accomplished. 
The project has promoted the sports field with upgraded lawn cover and added more 
sports facilities in the park. The excellent connection with surrounding communities 
promotes the park’s practicability. The long boardwalk connects the Richmond Road 
with the West End Road and allows pedestrians to enjoy the fabulous view of Cox’s 
Creek and the natural wetlands.  
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Figure 4.3, the view of land use development in Cox’s Bay from 1940 until 2017 
(Geomaps, 2019) 
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Figure 4.4, the comparison of Cox’s Bay overview, above-picture shows 1900 appearance 
and below one presents the view in 2017 (Grace, 2010)  
 
 
4.3. Problems and causes 
 
Since 2013, a series of news articles have reported that Cox’s bay is overloaded with 
rubbish and frequently inundated with sewage when there is heavy rain (G. Green, 
2013; Owen, 2016). In 2017, Cox’s Bay was formally identified as the unsafe 
swimming area because of “Dangerously high” levels of bacteria (“Auckland’s water 
shock: Bacteria levels ’dangerously high,” 2017). 
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Figure 4.5, the news article shows that Cox’s Bay suffers from combined sewer 
overflows problem (Green, 2013). 
 
In one of Grace’s reports, she (n.d.) reckons that both stormwater and wastewater 
inputs to the creek and Cox’s Creek are one of the most pollutant streams in Auckland. 
As this report mentioned, the reason which dominantly intensifies this issue is a lack 
of capacity in the primary drainage system (Grace, n.d.). Then she proposes solutions 
for rainwater and sewage problems, respectively, such as increasing conveyance 
capacity, building storage tanks or Controlled Sewer Overflows (CSO) modifications 
(Grace, n.d.). At last, this paper analyses the uncertainties of various solutions and 
explains the ways of looking at the sizing of storage options. In terms of uncertainty, 
although the partial separation encourages to reduce the flows into combined pipes 
for decreasing the volume of combined overflows, one still cannot precisely know 
which combined line may disturb the practical implementation (Grace, n.d.). 
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Figure 4.6, the petrol floating on Cox’s Creek (Author, 2018) 
 
 
4.4. Current solution 
 
The Watercare, the Auckland council organisation, which mainly focuses on coping 
with the water resource problems, provides a solution called “Central Interceptor” --
a new underground pipe system for managing sewage and stormwater. The Central 
Interceptor is a renew wastewater tunnel across from Western Springs to the Mangere 
Wastewater Treatment Plant. The length of this tunnel is up to 13 kilometres and is 
embedded around 22 to 100 meters underneath. When it crosses Manukau Harbour, 
the tunnel is nearly 15 meters underwater. The location of this project will cross from 
the Mangere Wastewater Treatment Plant to Western Springs (Cantrell & Sheffield, 
2012). The purposes of this scheme are to renew the old sewage systems and to 
enhance sewer network capacity to adopt growth the Auckland Isthmus. Also, 
“Central Interceptor” will provide the following benefits shown in figure 4.8, 
especially for Meola Creek (Cantrell & Sheffield, 2012). 
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Figure 4.7, the overall work route of the Central Interceptor tunnel (Cantrell & Sheffield, 
2012). 
 
However, the Central Interceptor project has its dark side. The project will cost more 
than one billion dollars and will take over ten years to completed (Cantrell & Sheffield, 
2012; G. Green, 2013). Although it is the best option to address the Cox’s Bay issue, 
the surrounding residents still worried about the realistic capacity and they also said that 
ten years is quite a long wait for the Cox’s Bay to be swimmable again (G. Green, 2013). 
Therefore, this research aims to utilise a design method to solve Cox’s bay 
contamination by purifying Cox’s Creek Catchment.  
 
In summary  
Above all, the water quality issue in Cox’s Bay has identified as combined sewer 
overflow through news, reports and site visit. Although the government has planed a 
solution, it will spend over 10 billion NZ dollar and should take over ten years to 
complete this urge project. The consumption of workforce and material resources 
should not be underestimated. Therefore, this project would like to use WSD strategies 
to mitigate this problem at least to narrow the gap until the Central interceptor is 
accomplished. The following paragraph will investigate the geographic condition of 
Grey Lynn catchment first. Moreover, this chapter will indicate how the opportunities 
for carrying out further design work be found and what techniques of WSD might be 
used in this research.  
51 
 
4.5. Catchment Analysis 
 
The Cox’s Creek’s catchment as sub-catchment is in the big central catchment, called 
Grey Lynn catchment. The big catchment not only gathers the water from a suburb of 
Ponsonby, but also contains some parks, such as Grey Lynn Park and Cox’s Bay 
Reserve. 
 
Below map shows the condition of terrain in Grey Lynn large catchment. The contour 
presents the highest terrain at Williamson Ave, and oppositely the terrain in Cox’s Bay 
areas is the lowest. The topography usually determines the direction of surface water 
flows. Therefore, in this area, the water flows in Williamson Ave finally will flow 
through Grey Lynn Park, then to the Hakanoa Reserve, and finally arrive at Cox’s 
Creek. 
 
 
Figure 4.8, the map shows the terrain condition in Grey Lynn catchment (Author, 2019).
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In this stream mapping, there are two main streams in Grey Lynn catchment. The source 
of both river water comes from Cox’s Bay. One crosses from Cox’s Bay Reserve to Old 
Mill road and the other starts from the bay and ends at Williamson Avenue. At the same 
time, the stream crosses through two parks--Cox’s Bay Reserve and Grey Lynn Park. 
 
 
Figure 4.9, the map shows the stream location in Grey Lynn catchment (Author, 2019). 
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The map of overflow pathway clearly shows the stormwater is more likely to flow into 
the centre of Cox’s Bay Reserve during the raining season, which will destroy the land 
surface. The ponding will gather on the playground to prevent people from outdoor 
activities. The longest and biggest tributaries run through the north and south of Grey 
Lynn catchment. They flow through Williamson Avenue, Grey Lynn Park, Hakanoa 
Reserve, Sackville street where has a commercial centre, and finally into Cox’s Creek.  
 
 
Figure 4.10, the map shows the direction of overland flow paths in Grey Lynn 
catchment (Author, 2019). 
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The below mapping of underground sewage pipe systems shows that the most 
wastewater is discharged into Cox’s Creek. The overviewing map clearly shows the 
four-main underground wastewater pipes in Grey Lynn catchment. The pipe on the 
toping of this map gets closer to the coastal line from Herne Bay to Hamilton road 
beach. There are also two pipes in the middle of the map that both extend from Cox’s 
bay to Richmond road and finally connect to the last pipe which covers the route of 
Richmond road. 
 
 
Figure 4.11, the map presents the situation of the wastewater pipe system in Grey Lynn 
catchment (Author, 2019). 
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As Figure 36 shown, the structure of stormwater pipes also conveys the flow into Cox’s 
Creek. Hence, the reason for Cox’s Creek pollution may be attributed to discharging 
dirty water into the stream improperly, and rainfall runoff will also cause Cox’s Bay 
Reserve contamination. 
 
 
Figure 4.12, the map shows the situation of the stormwater pipe system in Grey Lynn 
catchment (Author, 2019) 
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Lastly, assessing the mapping of underground pipe system from Geo Maps, they indeed 
present the flows combining both stormwater and wastewater have been directly 
discharged into Cox’s Creek, which accurately demonstrated the issue of CSO is 
intensifying the contamination of Cox’s Bay. 
 
 
Figure 4.13, the map shows the situation of the underground pipe system in Grey Lynn 
catchment (Author, 2019) 
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Figure 4.14, the location where combined sewer system discharge the combined flows 
into Cox’s Creek (Author, 2019). 
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4.6. The calculation of WQV 
 
This project aims at copying with harbour water quality issues through catchment 
management. It is virtual to calculate the WQV of the catchment to identify how much 
runoff needs to be treated and then the outcome may support the selection of suitable 
stormwater devices (Auckland Council, 2017). The operation of calculating WQV 
relies on the formula of both TP108 part B and GD01. In the GD01 report, the WQV 
should equate to the 90th percentile storm runoff volume. Hence, the equation of 
WQV is same as the runoff volume one. Furthermore, to calculate permanent water 
volume for deciding the size of a wet pond, this method is also suitable. Therefore, 
the total volume of water quality requires to be treated in these two sub-catchments 
is  
 
V = 1000 × 𝑄24𝐴 
 
𝑄24 =
(𝑃24 − 𝐼𝑎)
2
(𝑃24 − 𝐼𝑎) + 𝑆
 
 
  𝐼𝑎 = 5
𝐴𝑝𝑟𝑒𝑣
𝐴𝑡𝑜𝑡𝑎𝑙
 
 
𝑆 = (
1000
𝐶𝑁
− 10) 25.4 
 
𝐶𝑁 =  
98 𝐴𝑖𝑚𝑝𝑒𝑟𝑣 + 𝐶𝑁𝑝𝑒𝑟𝑣𝐴𝑝𝑒𝑟𝑣
𝐴
 
 
V, runoff volume (m³) = water 
quality volume 
𝑄24, runoff depth (mm) 
𝐴,  total catchment (km²) 
𝑃24, 24-hour rainfall depth (mm) 
𝐼𝑎, initial abstraction (mm) 
 
𝑆, calculate storage (mm) 
CN, curve number 
𝐶𝑁𝑝𝑟𝑒𝑣, pervious curve number 
𝐴𝑖𝑚𝑝𝑒𝑟𝑣, impervious catchment area 
𝐴𝑝𝑟𝑒𝑣, pervious catchment a
59 
 
By using the TP108, the results of the total annual runoff volume in this area 
present below as: 
 
 Upstream Catchment Downstream 
Catchment 
𝐴 (km²) 1.62  0.37  
𝐴𝑖𝑚𝑝𝑟𝑒𝑣 
(km²) 
0.59  0.09  
𝐴𝑝𝑟𝑒𝑣 (km²) 0.61  0.21  
𝑃24 (mm) 24 24 
𝐼𝑎 (mm) 1.88 2.84 
𝐶𝑁 58.66 58.45 
𝑆 (mm) 179.00 180.55 
𝑄24 (mm) 2.43 2.22 
V (m³) 3936.6 821.4 
𝑉𝑡𝑜𝑡𝑎𝑙 (m³) 4758.0 
𝐶𝑁𝑝𝑟𝑒𝑣, 61; 𝐶𝑁𝑖𝑚𝑝𝑟𝑒𝑣, 98 
Table 3, the outcomes of WQV in both upstream catchment and downstream 
catchment (Author, 2018) 
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Figure 4.15, the scope of Upstream and Downstream catchment (Author, 2018).  
 
4.7. Site visit 
 
Researcher of this project has visited Cox’s Bay Reserve many times. In the 
beginning, the road trip only allowed the researcher to realise that there has a 
potential water quality problem. Then, to figure out the causes of these issues, the 
researcher has walked up to the Cox’s Creek and saw a big pipe discharging the 
combined sewer water into the creek. At the same time, the research also visited 
kelmana garden and interviewed the gardener to get advice. In the last visit, the 
researcher kept following the direction of the overland flow path on the map in 
order to decide which existing sites to design and what design techniques to 
employ.  
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First Visit  
In the first road trip to Cox’s Bay, the researcher found out what the problem has 
been bothering this area. The oil was floating on the Cox’s Creek, which can be 
seen from photo 3 and photo 4. Additionally, when getting close to the shore, the 
creek gave off a rather unpleasant smell, and pollutants were seen floating on the 
river as photo five shows 
 
Figure 4.16, the current situation in Cox’s Bay area (Author, 2018). 
 
1, The pipe on Cox’s Bay. 
2, The situation of Cox’s Bay 
Beach. 
3, 4, The petrol and oil 
pollutants float on the Cox’s 
Creek 
5, The riparian situation in 
Cox’s Creek  
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Second Visit 
After the first road trip, the researcher has reviewed plenty of articles, news, 
reports, and realised that the water issue is rather complicated. It requires that this 
project should consider the whole catchment. In order to find the root of this 
problem, the second visit was made after the rain. Photo1 and 2 show that the rain 
was collected on the sports fields and the curb. Also, a hole on the pipe was 
spotted, as per photo 3. Combine sewer overflow was discharged from this hole 
and the current environment of the surrounding area was terrible. 
 
Moreover, the researcher also visited the Kelmarna garden, an incredible organic 
garden full of various plant. Speciously, there is yellow clay as one unique soil 
material which may absorb and filter the land surface flows and is suitable for the 
growth of vegetations within abundant nutrient. In photo 5, it presents a bio-buffer 
which acts on capturing the pollutants during the flows from the uphill rush into 
this area. 
 
Significantly, Cox’s Bay Reserve provides surrounding residents with an 
incorporating sports and recreation facilities park. Rugby is a representable sport 
in New Zealand, and local people are keen on Rugby. Apart from that, in this 
place, some Maori heritage sites exist on the park like an old mill called 
Cashmore’s mill. Therefore, to a great extent, preserve the sport function in Cox’s 
Bay Reserve and respect Maori’s historical site, the design project will not settle 
down to reform or renovate this field. 
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Figure 4.17, the current situation of Cox’s Bay Reserve (Author, 2018). 
  
1, Rainwater gather on the 
sport field in Cox’s Bay Rese-
rve 
2, A situation the stormwater 
storage on the curb 
3, The big pipe hole which 
convey the combined flows 
into the creek. 
4. The surrounding 
environment is terrible near 
the discharging point.  
5, The bio-buffer is to capture 
the solids for protecting creek 
quality 
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Third Visit 
On the last visit to Cox’s Bay, the researcher decided to walk up the catchment to 
see the central commercial area, Sackville Reserve, Hakanoa Reserve, Grey Lynn 
Park and Williamson Ave. 
 
Walking from the south of Cox’s Bay Reserve then arrive at this Commercial 
area. As private property, selecting the scale of the design site in this place is 
challenging. Therefore, reasonably using limited public lands is critical for this 
design project. The development of this area will focus on transforming concrete 
land cover into the permeable land surface. For example, in photo 2, the concrete 
barriers beside the zebra crossing may be reformed to plant green infrastructure 
to increase the ability to absorb runoff flows. This method will be applied to the 
field in photo 6. Then, the existing parking area on the west side of Farro Fresh 
provides a site to apply permeable pavements. Additionally, the roofs of those 
building are all flat and look stable so that the conception of this place will explore 
the utilisation of green roof. 
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Figure 4.18, the surrounding environment in a central commercial area (Author, 
2018). 
 
Hakanoa Reserve mainly plays a vital role for people conveniently crossing 
Sackville St to Hakanoa St. Fortunately, there is not being wholly reclaimed so 
that Hakanoa Reserve should be a focusing design area to apply WSUD strategy. 
According to the current topography, this area is suitable for constructing wetland. 
At the same time, this place is entirely covert within the lush forest and inadequate 
1, 2, The situation of 
Richmond Rd 
3, the circumstance in front of 
Farro supermarket. 
4, 5, Westmoreland St with 
fully concreate land surface 
cover 
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lighting facilities, so the personal safety has always been worried by surrounding 
neighbours. Hence, the design objectives in Hakanoa Reserve is to create a 
wetland and increase people’s sense of security in this area. 
 
Figure 4.19, the realistic situation in Hakanoa Reserve (Author, 2018). 
 
The third-place researcher visited is Grey Lynn Park. As a sustainable and 
environment-friendly park, there are upgraded activity facilities and sports fields 
which have been well received by surrounding residents. Apart from that, Grey 
Lynn Park has been remarkable by inheriting native trees and displaying 
sculptures with Maori cultural features. To enhance the ecological sustainability 
of this park, a couple of years ago, the developer has built a wetland near the Rose 
Rd entrance. However, it gains compliances from a nearby neighbour because it 
gives off an unbearable smell and encourages the breeding of mosquitoes, 
particularly in the rainy season. The primary design concept in this park will focus 
on reclaiming and reforming this wetland to be a wet pond.  
1, 2, the entrance of 
Hakanoa Reserve in 
Westmoreland Street 
3, The shadow environment 
in Hakanoa Reserve with 
fully green covert. 
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Figure 4.20, the situation of the Grey Lynn wetlands and Grey Lynn Park’s Rose 
Road entrance (Author, 2018). 
 
Finally, crossing through the south of Grey Lynn Park, researcher arrived at 
Williamson Ave. The width of this road is too broad for people’s daily 
transportation. Hence, to fully take advantage of it, the goal of this design is to 
plant more greens to replace the impermeable cover in the middle area of 
Williamson Ave. Besides, in photo 2,  there is a sidewalk with adequate length 
1,2,3,4 existing wetland on the 
west part of Grey Lynn Park 
5, the entrance on Rose Rd where 
has enough length side walk. 
 
68 
 
and scope at the front of Grey Lynn Park’s southern entrance which offers a place 
that allows building vegetated swale. Similarly, as photo three shows, there are 
many existing sidewalks which can be employed to rain gardens.  
 
Figure 4.21, the park entrance near Williamson Avenue and the situation of an 
existing sidewalk (Author, 2018).  
 
 
4.8. Summary  
 
With all the above information, the final decision about design focusing areas takes 
into account two sub-catchments, namely upstream sub-catchment and 
downstream sub-catchment. The upstream one includes three design sites--
Williamson Avenue, Grey Lynn Park, Hakanoa Reserve. The other contains the 
commercial area and Cox’s Bay Reserve. 
 
1,3 the road viewing of 
Williamson Avenue 
2. the entrance of Grey Lynn 
Park and its space may allow to 
settle down a bio-swales. 
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Figure 4.22, the scope of design site in this project (Author, 2018). 
 
The strategies of WSD will mainly adopt extensive living roofs, bio-retention, 
vegetated swales, wetlands, wet ponds to implement in this design project. The 
following chapter will detailly indicates the specific design method and explain 
the pattern of each design revolution.   
 
Overall, in this project, to examine the function of WSD methods, the focusing 
design area will be two small sub-catchment areas namely upstream sub-
catchment and downstream sub-catchment where run through the most significant 
tributary and where contain multifunctional land zone. The objective of this 
design work is to clean the most extended overland flow from its source to endo 
solve Cox’s Bay harbour pollution. Therefore, the following content of this 
chapter will mainly analysis the current conditions of design site areas.  
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Chapter 5 Design 
5.1. Introduction 
 
In the previous chapter, it has already clearly identified the causes of Cox’s Bay 
harbour water issues and in-depth analysis of the catchment’s conditions. The 
most significant thing not only has defined the scope of this design research but 
also clarified the techniques will to be used. 
 
In this chapter, firstly, it will overall introduce the masterplan of this design work. 
Then, each design site will be introduced individually by following the structure 
of ‘research by design’ to present work in the pre-design, design development. 
 
In terms of pre-design phrase, this thesis will focus on analysing the situation of 
design site areas individually and describe the concept of each design scheme. 
Additionally, during the design stage, the following paragraph will indicate how 
each technique work in a different site and present design plan, long section, 
elevation and rendering pictures of each design. About post-design phrase, it will 
be discussed in chapter 6 to emphasise the results of this integrated urban design 
particularly. 
 
5.2. Masterplan 
 
The design concept aims to clean the runoff flows gradually from upstream sub-
catchment to downstream sub-catchment. The first design site, Williamson 
Avenue, will adopt rain gardens and bio-swales to replace the existing sidewalk 
for at source stormwater treatment. In the Grey Lynn Park, a renew wetland is 
employed to filter and to absorb more volume of rainwater flows around Rose 
Road area and provide a pleasure opening green space for nearby neighbours. The 
third site in this project is to reclaim the Hakanoa Reserve, which also builds a 
constructed wetland in this area. This renovation aims to clean and collect water 
flows. 
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Additionally, considering the environment safety around this area, the uptake of 
the lighting facility should be taken consideration into this design progress. The 
last design focusing point is a central commercial area, according to the limitation 
of site selection, the most efficient way is to increase paths’ permeability. 
Therefore, the design concept in this place intends to change the land cover of 
existing car parking to be permeable pavement. Additionally, the layout of this 
design area also explores the extensive living roof implication. 
 
 
Figure 5.1, the overview Masterplan of this design speculation (Author, 2019). 
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5.3. Williamson Ave and Beaconsfield St 
 
Site Analysis 
The first design site will be Williamson Avenue and Beaconsfield Street which 
locate in the south of Grey Lynn catchment area. The reason for choosing this place 
is where can trace the source of the longest overland flow path. Hence, it belongs 
to the premier water treatment areas in this overall cleaning programme. 
 
The condition of terrain in Williamson Avenue, this mapping can identify the higher 
position on the west and east side of this street, the height of both sides is 
respectively 45, 60. The lower position in the middle of Williamson Avenue, where 
close to the entrance of Grey Lynn park, is 28. The highest point in Beaconsfield 
street is on the southmost point of the road, and the height reaches up to 62.5. 
Significantly, over this design site area, the lowest point lies at the junction of two 
roads. 
 
 
Figure 5.2, the map of the terrain condition in Williamson Ave and Beaconsfield St 
(Author, 2018). 
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Through this map of terrain condition, the direction of flows can easily understand. 
The source of flows is identified from southmost of Beaconsfield street also from 
westmost and east most of Williamson avenue finally and gather on the junction of 
both roads.  
 
 
Figure 5.3, the map of overland flow paths in Williamson Ave and Beaconsfield St 
(Author, 2018).  
 
In this place, the underground pipes almost are combining pipe which conveys both 
stormwater and wastewater in this area. Hence, it is essential to clean the stormwater 
flows before they discharge into those pipes. 
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Figure 5.4, the map of the underground pipe system in Williamson Ave and 
Beaconsfield St (Author, 2018) 
 
Design  
Williamson Avenue as a community street which does not have heavy traffic the 
phenomenon, as usual, its width can bring the opportunities to apply for planting 
more vegetation. The traditional sidewalk on Williamson Avenue and Beaconsfield 
street also might be replaced by rain gardens. Moreover, there is a relatively more 
extended sidewalk on the front of Grey Lynn park’s entrance so that the 
reimagination would like to change it to be a swale for cleaning runoff and further 
delaying the time of conveyance. Hence, the design scheme of this site will adapt 
to the devices of WSD, namely rain gardens and vegetated swales. 
 
As the first design site belonging to the upstream sub-catchment, it will play an 
essential to firstly treat the land surface flows. Utilising the adequate width of 
Williamson Ave, more vegetation will plant in the middle of the road. Apart from 
that, one bio-swale is to be built in front of Grey Lynn Park’s entrance. The original 
sketch layout roughly arranges the position of rain gardens and swales. 
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Figure 5.5, the sketch of Williamson Avenue primary layout experiment (Author, 
2018). 
 
The scheme in this place is to propose a community garden street like Long Bay 
(Opoku et al., 2016). Aiming to filter and clean stormwater flows, it adopts to 
implement rain gardens and swales. As a side effect of those techniques, they also 
encourage to efficiently reserve and absorb a certain amount of rainwater, which 
means the flooding issues allow to be mitigated. Additionally, the benefits of greens 
not only directly promote the aesthetic value and livability in this place, but also 
inspire people’s sense of environment-satisfy. 
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Figure 5.6, the surrounding situation of Williamson Ave (Author, 2019). 
 
The proposed garden street in Williamson Avenue and Beaconsfield St employees 
tree pits to reorganise existing street trees and some of the benches will be placed 
under those trees for people to rest and enjoy the shade. The new design takes into 
consideration the site’s topography and landscape features, views, historic heritage 
features, the existing building pattern, hydrologic catchments and the Auckland 
Council’s Unitary Plan. The design aims to create a dense urban area while 
maintaining the elements that already make this place sustainable, in particular, 
green spaces, parks and the existing landscape design. 
 
77 
 
 
Figure 5.7, the design concept of Williamson Ave (Author, 2019). 
 
Undoubtedly, connecting and integrating the different functions of nodes can allow 
people to participate in the experience of travel and reduce the destruction and 
impact of the ecological environment. Therefore, a healthy ecological trail that runs 
through the whole design area and connects all the landscape nodes seems 
significant.
78 
 
 
 
Figure 5.8, the long section of Williamson Ave and Beaconsfield St (Author, 2019). 
 
 
 
 Figure 5.9, the view of Williamson Avenue (Author, 2019). 
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Figure 5.10, the view of “garden street” in Williamson Avenue (Author, 2019). 
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5.4. Grey Lynn Park 
 
Grey Lynn park covers almost 10.5 ha and locates in the residential area of Grey Lynn. 
This park has mostly developed as a recreational activity area where consists are mainly 
of playing fields.  
 
Site analysis 
On this topography map, relatively dense contour line in the eastern of Grey Lynn park 
presents a steep terrain in which the height up to 16 meters. The highest point at the 
junction of Rose road and Dickens street whose altitude is 36 and the lowest position’s 
altitude is 18 at the terminal of the existing wetland. 
 
 
Figure 5.11, the map of the contour investigation in Grey Lynn Park (Author, 2018). 
 
According to this map, it shows the flows are more likely to gather on the sports fields 
to barrier people to do exercises. The larger volume flows from beside sub-catchment 
may also rush into the centre of this park through wetland field. The main purpose of 
this node is to gather the one brunch of runoffs, which is along with the Rose Road. 
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Figure 5.12, the map of overland flow paths in Grey Lynn Park (Author, 2018). 
 
Investigating underground pipe systems in Grey Lynn Park, there are lines from the 
Rose Road which eventually extend to the east of the park and which refer to the 
separated pipes systems. From this perspective, the rainwater runoffs in the Rose Road 
sub-catchment allow to be easily treated and then to directly convey clean flows into 
independent stormwater line.  
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Figure 5.13, The map of the underground pipe system in Grey Lynn Park (Author, 2018). 
 
Design  
Grey Lynn Park is the second design area which concentrates on purifying the brunch 
of overland flows around Rose Road. The design concept of this place is to build a 
wetland and organise the vegetation. Apart from that, a viewing bridge will settle down 
the Rose Road to look out the overall sight of Grey Lynn Park.  
The comprehensive stormwater treatment system on Grey Lynn Park is envisioned to 
include bio-filtration planter (rain gardens and swale) to intercept stormwater from 
roadways and sidewalks area. Besides, the proposed renewal wetland in the Grey Lynn 
Park significant approach on filtering the flows from uphill before them enters the storm 
drain pipe system. The layout process contains three different design concepts to 
operate the shape of renewing wetland. 
  
First experiment. 
With the consideration of WSD strategies, the decided wetland is the main stormwater 
treatment facility in this area. The first experiment reimages to create two separated 
conventional wetlands basing on the terrain condition. Due to the steep topography, 
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there is park steps which should be settled upon the entrance to fascinate people to 
access. Strengths: 
⚫ The layout two individual wetlands according to the original topography reduce the 
land reclamation 
⚫ Better consider the existing terrain condition to construct the steps 
 
Weaknesses: 
⚫ A lack of consideration of WQV results in the oversize wetlands layout. 
⚫ Neglect human comfortability causes too many steps. 
⚫ Lack of comprehension of the wetlands’ structure.  
 
 
Figure 5.14, the first experiment layout of the renewal wetland in Grey Lynn Catchment 
(Author, 2018). 
 
Second experiment 
According to the failure of the first layout concept, this operation concentrates on the 
practical wetland’s application. With the consideration of WQV and the structure of 
wetland, this design concept also contains the layout of inlets and outlet position. 
Moreover, the overall size of the wetland decides by meeting the requirement of WQV. 
 
Strengths: 
⚫ Considering the practical ability of the wetlands 
⚫ The size and structure both meet the requirement of implementation 
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Weaknesses: 
⚫ The shape of the wetland is not good looking. 
⚫ A lack of consideration of recreational perspectives for neighbour and the 
conservation of native species. 
 
 
Figure 5.15, the second experiment layout of the renewal wetland in Grey Lynn 
Catchment (Author, 2018). 
 
 
Figure 5.16, the second experiment design concept of the overall landscape in Rose 
Road (Author, 2018) 
 
Third experiment 
Consulting with the previous invention, the third time experiment with full 
comprehension of wetland facility and social-environment requirements. The layout, 
therefore, creates renewal stepped wetland, permeable hydrophilic bridge and stepped 
relaxing area in this place. Also, a viewing bridge is built on the Rose Road for looking 
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at the overall landscape of Grey Lynn Park. Furthermore, there are rain gardens and 
swales replacing the sidewalk in Rose Road to pre-treat the surface flows. 
Strengths: 
⚫ Except for the wetland, a permeable bridge beyond the pond offer people a 
hydrophilic experience.  
⚫ Terrace type platform acts on serving people to have a rest stop and enjoy the 
surrounding scenery. 
⚫ The floating vegetation on the wetland pond may provide refuge for urban wildlife. 
  
 
Figure 5.17, the third experiment of the wetland shape in Grey Lynn Park (Author, 2018) 
 
 
Figure 5.18, the third experiment of the overall landscape in Rose Road (Author, 2018) 
 
Redefining the relationship between the people and natural environment, the 
neighbourhood’s open spaces and street network will be transformed into a biologically 
diverse and interconnected network of wetlands zones, recreational playing fields. The 
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performance of this field will reinvigorate the site’s hydrology, re-establish biodiversity 
and reconnect to the stormwater infrastructure while offering a comfortable setting for 
the community’s outdoor activities. 
 
 
Figure 5.19, the surrounding situation of Grey Lynn Park (Author, 2019). 
 
 
Figure 5.20, the design concept of Grey Lynn Park wetland Plan (Author, 2019). 
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Figure 5.21, the long section in Grey Lynn Park Wetland Plan (Author, 2019). 
 
The inlet and outlet structure have been planed. The position of the inlet is situated at 
the 750 combined pipes, and the outlet applies on the 675 combined lines.  
 
Figure 5.22, the pipe structures of Wetland Plan (Author, 2018). 
The process of the renewal wetland present two situations, during the dry season, the 
water insides pond is still. In contrast, when the rain season, the water will move. The 
wetland consists of four individual cells. The first cells settle the forebay and inlet 
construction for capturing sediments. The second and third cells with floating 
vegetation enable to filter the runoffs gradually. Finally, the cleaner flows will be 
collected into the last cell, which constructures outlet equipment. The sounds of flow 
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may inspire the feeling of the natural landscape so that the improvement of amenity can 
be achieved.  
 
 
Figure 5.23, the principle of Grey Lynn Park Pond implementation (Author, 2018). 
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Figure 5.24, the view of the overall Wetland scenery (Author, 2019).  
 
 
Figure 5.25, the sight of relaxing step shape platform near the wetland (Author, 2019). 
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5.5 Hakanoa Reserve 
 
Hakanoa Reserve as a small scale greenfield, although it is not suitable to implement 
large size devices of WSD, it still can be used to collect rainfall and promote catchment 
water quality. Hence, in this place, the preliminary plan is to reorganise this place and 
enhance the ability of water purification. 
 
Site Analysis 
The overall topography of Hakanoa Reserve presents a situation of low centre and great 
surrounding. Through the contour mapping, the elevation data indicates Hakanoa 
belongs to sunken terrain and the depth of the pit reach up to 1 meter. So, it is better to 
create a wetland as one of the most efficient devices in WSD in this area.  
 
 
Figure 5.26, the map of contour in Hakanoa Reserve (Author, 2018). 
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By comparing above terrain map with the location of flow on this map, the runoff flows 
are more likely to be gathered into the big pit in Hakanoa Reserve. There is the amount 
of lush native plants should be pruned and reorganised. 
 
 
Figure 5.27, the map of overland flow paths in Hakanoa Reserve (Author, 2018). 
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Unlike other areas, in this place, the stormwater and wastewater pipes are separated as 
the map exhibits. This underground condition may fascinate to set the inlets and outlets 
of a wetland without complicated operation. 
 
 
Figure 5.28, the map of underground pipe systems in Hakanoa Reserve (Author, 2018). 
 
Design 
Hakanoa Reserve as third design nodes is intended to approach on improving catchment 
by evolving constructed wetlands facilities and designed as a community destination 
point, with view overlook, habitats conversation and recreational amenities. The 
modern features of this area are to fascinate people to travel from Hakanoa Street to 
Sackville Street. Therefore, paying attention to the safety issue in Hakanoa Reserve, 
this design scheme will extend the settlement of lighting facilities.  
 
First experiment 
The primary scheme in this place is to create incorporating open greenfield which 
shapes as regular style. The basin also reforms the edge to be rule-type. There is a 
permeable boardwalk upon the wetland which not only provides to pedestrian use but 
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also establishes strictly relationship among people and green stormwater devices. 
Moreover, the viewing platform upon the central point of wetland intends to offer a rest 
space with an attractive landscape. Apart from that, the lighting facilities will be built 
beside the track. 
 
Strengths: 
⚫ Enhance the recreational use of this reserve 
⚫ Connect people with stormwater management devices 
⚫ Conserve the native plants around this place 
 
Weaknesses: 
⚫ The regular shape of wetland may increase the workload of land reclamation. 
⚫ Over reformation does not accord with sustainable requirements. 
 
 
 
Figure 5.29, the first experiment of landscape in Hakanoa Reserve (Author, 2018). 
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Second experiment 
From the previous layout experience, this operation intends to transform regular shape 
to be irregular style. The wetland with the natural edge may cater to the conversation of 
original landform and respect the low impact development objectives.  
 
Strengths: 
⚫ Provide potential activities walkway to satisfy human health and well-being 
objectives   
⚫ A stimulus the deep interconnection of urban and ecological systems  
 
Weakness: 
⚫ The maintenance of wetland should be taken into long-term consideration. 
 
Figure 5.30, the second experiment with vision consideration in Hakanoa Reserve 
(Author,2018). 
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Figure 5.31, the second experiment with vision consideration in Hakanoa Reserve 
(Author, 2018). 
 
The vegetated wetland, located within the Hakanoa Reserve, is planned to be the 
primary rainwater purification and retention basin for the portions of the catchment 
watershed. The design is intended to emphasise the performance criteria of the wetland 
as well as the educational benefits which it will provide the comprehension of natural 
landscape for the public. Besides, the wet basin also is attempted to attract passing 
mitigating birds and thereby attract wildlife enthusiasts. The viewing platform builds 
upon the pond also engage in the general public relaxation, thereby turning a vital piece 
of island infrastructure into an aesthetic addition to open this reserve system. 
Additionally, the improvement of the lighting facility in this place is centred around 
providing adequate lighting to enhance safety in public ream, conserving energy and 
resources and preserving the night-time environment.  
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Figure 5.32, the surrounding situation of designed Hakanoa Reserve Wetland (Author, 
2019). 
 
 
Figure 5.33, the design concept of Hakanoa Reserve Wetland (Author, 2019). 
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Figure 5.34, the underground pipe structure of Hakanoa Reserve Wetland (Author, 
2018). 
 
 
Figure 5.35, the long section of Hakanoa Reserve Wetland (Author, 2019).
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Figure 5.36, the viewing in Hakanoa Street’s entrance (Author, 2019). 
 
 
Figure 5.37, the viewing of the wetland toward the viewing platform (Author, 2019). 
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5.6 Commercial centre areas 
 
This commercial, industrial area in the Grey Lynn as an inner residential suburb of 
Auckland mainly serves surrounding residents. There includes two supermarket 
Countdown, Farro Fresh, pharmacy, hardware store Mitro10, several restaurants, and 
gym to fulfil surrounding residents’ daily needs and socialise with their neighbours. The 
property owners in this field belong to private. Therefore, the layout of this site should 
consider small-scale design techniques.  
 
Site Analysis 
The contour line in this area is relatively flat, which indicates the terrain in this area 
being quite gentle. The lowest contour line within the red line situates in Westmoreland 
Street. In contrast, the higher topography is on both the west and east sides. Therefore, 
within the commercial area, the terrain type is more likely to be a low centre and great 
surrounding. 
 
 
Figure 5.38, the map of contour in commercial centre areas (Author, 2018). 
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Due to the condition of contour, in the middle of Westmoreland street will hold 
rainwater flows so that it may result in great trouble for travelling this area. The source 
of this stream flow primarily comes from Hakanoa Reserve. Therefore, the design plan 
should pay attention to utilise the Westmoreland street and its adjoining area. 
 
 
 
Figure 5.39, the map of the overland flow path in the commercial centre area (Author, 
2018). 
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Same as Hakanoa Reserve, in this commercial area, the underground pipes appear 
separated situation. The pipe systems are mainly laid along both Westmoreland street 
west and east and meet in front of the parking lot on the right side of Farro Fresh. 
According to this place belongs to privately owned land, the premier scheme for this 
place is to try the best to change impervious land surface being previous, add several 
tree boxes on the side on the street.  
 
 
Figure 5.40, the map of the underground pipe system in the commercial centre area 
(Author, 2018). 
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Design 
With limited land use, this site will consider maximising utilise existing public space. 
The WSD techniques in this space would like to apply planet boxer on the street, change 
the car park land cover to be permeable, add tree pits to infilter the surface runoff and 
examine living roof on the single building to support collect and filter rainwater. The 
goal of this field is to create a green corridor in shopping central which intend not only 
to treat stormwater before its final deposit into the underlying Cox’s Creek but also to 
help attract native wildlife to the site 
 
The below figure shows the flows paths which cross through the Westmoreland Street 
West. At the source of this flows, according to the terrain, it mainly comes from 
Sackville Street, and finally, the runoffs will arrive at Cox’s Creek. As the final position 
to treat the water, the scheme of this site aims to recollect more runoffs and filter them. 
 
 
Figure 5.41, the surrounding situation of designed Commercial Area (Author, 2019). 
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The design concept is to build two permeable car parking areas with remarkable regular 
shop style. The pavement will insert the mown which support infiltration and enhance 
the groundwater volume. The one car park abuts with Farro Supermarket, and the other 
is situated on the south of Panavision NZ. The tree pits will settle down the in front of 
Farro Supermarket, and some of the plant boxers will be put at both sides of 
Westmoreland Street West. Additionally, the beautiful vegetated rain gardens adjacent 
with the Farro car parking areas to provide an enjoyable shopping environment by 
adding greens. If water can be absorbed using green infrastructure, it has a place to go. 
This green corridor approaches to absorb water and slow its velocity while this 
designation incorporates the multifunctional qualities of the proposed public, 
commercial space.  
 
 
Figure 5.42, the detailed design of the Commercial Area Plan (Author, 2019). 
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Figure 5.43, the long section of the Commercial Area Plan (Author, 2019) 
 
 
Figure 5.44, the view of the permeable car parking area in front of Farro Fresh 
supermarket (Author, 2019). 
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Figure 5.45, the view of Westmoreland Street West (Author, 2019).   
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5.7 Summary 
 
The design was mainly carried out within the scope of two sub-catchment. The choice 
of design sites is sorted along the direction of the river, and the appropriate strategies 
of WSD have been implemented in turn. This scheme expects that the combined sewer 
flows are clear as they are conveyed in Cox’s Creek. This principle of design is to reduce 
rainwater pollution and to ensure that rainwater contains fewer impurities before it 
flows into underground pipelines. Also, implementing a series of techniques of WSD 
not only can improve the quality of rainwater, but also might better control the quantity 
of runoff.  
 
Figure 5.46, the design principle of treating Cox’s Bay harbour pollution (Author, 2018). 
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Trough calculating treated water volume of each site individually, the overall amount 
of that is 5154 m³. It total covers the required treated water volume, which means this 
design experiment is able to mitigate the water quality issues. 
 
 
Table 4, the design outcome through a comparison of treated water quality volume 
(Author, 2019). 
 
The utilised approaches revealed through case studies support the harmonious 
interaction between sustainable urban development. Planning and management of the 
catchment water environment provide the ability to encourage adaptive strategies that 
aim to retain long-term investment in the ongoing sustainability of these highly valued 
natural environments. Through the proposed urban design approach, opportunities arise 
to enlighten vulnerable communities on social processes and explain the importance of 
the WSD devices and relative mechanics being utilised to promote regional liveability 
and to achieve multi-purpose greenfield.  
 
Protecting and enhancing the quality of waterways is critical for maintaining the well-
being of Cox’s Bay and the life of organisms it supports. Incentives such as the 
extension of bird’s habitats and increase in species population also provide innovative 
purification methods through WSD strategies such as bioretention, above-ground 
detention ponds. Recreational engagement with the harbour is widespread all year round, 
and the provision for clean water quality is critical for minimising health risks from 
unsanitary marine environments. Multiple stormwater containment and filtration areas 
within the multipurpose urban design may reduce the volume of direct discharge into 
the harbour as well. Reimagining the project to provide desirable lifestyle conditions 
and continue to function, considering dangerous climate conditions suggests the value 
of urban sustainability and water sustainability may offer. 
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Chapter 6 Conclusion and Reflection 
6.1 Introduction 
 
In this chapter, it will draw a conclusion to present how this proposed design responds 
to research questions and how objectives and aims have been achieved. Besides, the 
reflection will indicate benefits, the limitations of this project and will evaluate how the 
design work can contribute to other similar issues in the future.  
 
 
6.2 Conclusion 
 
This thesis has been divided into six-part to present the entire project work gradually: 
In chapter 1, it mainly focusses on introduce the background, questions, rationales, and 
objectives and aims of this research. The information of the background illustrates the 
significance of water resources for human society and natural systems and the 
seriousness of water quality issues through surveying both global and New Zealand 
context. This project is mostly concerned with the harbour water pollution in the 
Auckland region. Then, this paper shows the leading causes of the water quality issues 
which principally result from improper stormwater management and combined sewer 
systems. Regardless of the solution, in the Auckland region, the council currently offers 
the WSD guideline, which significantly acts on addressing local water problems and 
supporting land use development. Therefore, the direction of this project is to deal with 
harbour pollution through catchment consideration, and the specific research question 
is to address the contamination in Cox’s Bay by evolving WSD methods. After 
presenting the research questions, the following content explains the reasons to choose 
this project. There are three main reasons which attribute to the significance of water 
quality for urban development, human health and well-being and biodiversity 
maintenance. Then, this chapter briefly states the employed methodologies, which 
namely are ‘research by design’ and combined quantitative and qualitative research 
methods. Finally, the aims and objectives of these projects are to 
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⚫ Understand the strategies of WSD for supporting water management in Auckland 
regional area by retrofitting an existing inner-city open space. 
⚫ Develop a design solution to improve the water quality of Cox’s Bay catchment. 
⚫ To investigate the current conditions of the hydrological environment and 
significant water resources crisis in New Zealand region 
⚫ To understand the definition, function, benefits, limitation of WSD and evaluate 
precedents of WSD in both global and Auckland regions. 
⚫ To comprehensive the implementation of WSD strategies. 
⚫ To investigate the features and characterise of Cox’s Bay and identify the causes 
of Cox’s Creek contamination by visiting the site, researching literature, 
investigating geographic mappings 
 
In chapter 2, the content presents a thorough comprehension of WSD from reviewing 
its background, development history, similar theories comparison and relevant case 
studies. Firstly, this chapter shows the importance of urban sustainability and water 
sustainability. Secondly, this project consults with other stormwater management 
theories, which include LID, LIUDD, SUDS, WSUD and ‘sponge city’. In this section, 
it not only introduces their definition, development and benefits but also draws a table 
to exhibit their difference based on their various objectives. Apart from that, the 
following content investigates the contributions of urban stormwater management in 
the New Zealand context, which contains the introduction of RMA, PAUP, LIUDD, 
LID. Furthermore, evaluating the WSD content, the specific development process, 
definition, benefits, components and objectives have been illustrated. Lastly, the 
number of case studies which relate to the WSD implementation whose shared 
experiences mostly help this design progress. 
 
The chapter3 states the methodology, which mainly follows the ‘research by design’ 
structure to develop this design project. Besides, the data collection and analysation 
adopt the combined both quantitative and qualitative research methods. The framework 
of ‘research by design’ refers to three design stages, which are the pre-design stage, 
design stage and post-design stage. The first phase focuses on the site analysis and 
problem-solving consideration so that it applies to review the literature to gain the 
experiences, to investigate geographic map to identify the problems and to calculate 
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water quality volume to select a suitable solution. Secondly, in the design development 
stage, this time is to concentrate on the strategy’s selection and the on-site layout. At 
that moment, it requires the not only genuinely whole current situation but also a great 
extent prevents existing resources through a low-impact redevelopment. The last stage 
is post-design, which need to draw a reflection of the integrated design and conclude 
the strengths and weaknesses of the final performance. Finally, the enlightenment of 
design should be summarised for sharing experiences to cope with a similar problem in 
the future. 
 
The site investigation has been discussed in the chapter4. In this part, it first describes 
the background necessary information Cox’s Bay and then illustrates the development 
process of Cox’s Bay Reserve. Through the news article, report, site visit, the water 
quality problem in Cox’s Bay initially is recognised. The pollution is precise because 
of the improperly combined sewer discharge and incomplete stormwater management. 
Secondly, the investigation of the whole Grey Lynn catchment’s geographic maps is 
centre to identify the current situation in Cox’s Bay and support to clarify the causes of 
water contamination further. Then, the results of WQV in both upstream and 
downstream sub-catchment offer the basis to understand how much runoff should be 
governed and what techniques are most appropriate. Next, by sites visit, the design 
scope and design focusing area can be identified. The focusing sites are Commercial 
area, Hakanoa Reserve, Grey Lynn Park, Williamson Avenue and Beaconsfield Street. 
Finally, the design techniques have been selected based on the characters and realistic 
conditions of sites which eventually choose the rain gardens, swales, tree pits, planter 
boxer, permeable pavements and constructed wetland to operate collaborative 
stormwater management. 
 
Chapter 5 aims to explain the detailed design of each site individually. The master plan 
has firstly been presented, which points out the overview of this integrated design. Then, 
this chapter successively illustrated the on-site investigation and presented the layout 
process by exhibiting the drawing of the design plan, long section, rendering pictures 
and structure diagrams. The design concept in Williamson Avenue is to transform 
existing sidewalks to be rain gardens and swales and to reform the middle of the road 
by planting greens instead of concrete cover. This field aims to filter the runoff at source 
111 
 
position. In the Grey Lynn Park, this place schemes to reorganise the wetland and 
change it to be a wet stormwater pond. The wet pond may contribute to gather the 
runoffs from uphill and filter them through four pond cells so that the clean flow finally 
conveys into the stormwater lines. In terms of Hakanoa Reserve, the design enlightens 
by the constructed wetland due to the current terrain condition. There is an existing 
greenfield which mostly facilitates people to travel. Therefore, the reformation of this 
area includes settling down a wetland for the purification of rainwater, creating 
boardwalk for people activities needs, building a platform to view the surrounding 
landscape and putting the lighting facility to meet personal safety consideration. The 
last design site is Commercial central area, due to land restrictions, the layout should 
more efficiently utilise the limit design area. Without large-scale reconstruction, the 
design philosophy is that changing the land cover and putting more greens as far as 
possible is the focus of the design direction. Hence, this place is involved with the tree 
pits, planter boxes, extensive living roof and green car parking area with permeable 
pavements. 
 
The overall conclusion and reflection of this project are to be discussed in this chapter. 
The content will summary the content of each chapter in this thesis and reflect this 
project somehow to answer the research questions and somehow to achieve the aims 
and objectives through the different stages. 
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6.3 Reflection 
 
Research Questions  
Main question: 
How can a decentralised design system protect harbour pollution by considering 
the urban catchment?  
In term of harbour pollution, it is common issues in marine countries which usually 
caused by the impacts of urbanisation. Therefore, to address harbour contamination, it 
has to investigate the whole catchment to identify the causes of the water problem. At 
the same time, consulting with precedents also is significant to the design development 
because the previous practice may offer the experience to understand how to use the 
stormwater strategies and how to build up practical design solution to recover the Cox’s 
Bay environment. 
 
The design approaches revealed through case studies, supports the harmonious 
interaction between sustainable urban development.  
 
Firstly, the ‘From Grey to Green’ program in Portland dedicates to separate as much as 
stormwater flows from combined sewer system by employing decentralised solutions 
such as green roofs, rain gardens, vegetated swales and planters. In term of green 
infrastructure measures, this project maximises the efficiency of vegetation. By 2013, 
in the city of Portland, there has implemented 43 acres of a green roof, 50000 street 
trees and 920 green streets (Gmbh & Berlin, 2011). The case in Kokkedal chooses 
grassed channels to open stormwater channel and enhance the green infrastructure for 
the community to open the stormwater system (Thoren, 2014). Also, the channels will 
be arranged on one side of driveways and whose primary function is to gather the 
stormwater from both roads and apartments’ roofs and bring it to a swale. Also, Mbezi 
River as medium scale water management, it adopts the treatment train techniques from 
uphill to river surface through stately treating the surface runoff (Fryd et al., n.d.).  
 
Secondly, the practices in the New Zealand context, they present the implementation of 
stormwater devices in the small-scale project. The waterfront wetland in Waitangi Park 
is virtual on keeping ecological function among the hinterland and Wellington harbour 
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areas (Bryant, n.d.). The objectives of this wetland are to collect water flows from 
upstream and then treat them to be reusable. The floating wetland in Rotorua not only 
promote the lake’s water quality but also become a scenic spot for promoting the 
tourism industry (Bryant, n.d.). 
  
Finally, several case studies in Auckland are closely associated with the application of 
WSD. The Long Plan development fully reflect the excellent example of WSD. The 
correlation among regional park, constructed wetlands, garden streets and renew 
permeable bridge highly represents a remarkable treatment train and remarkably 
achieve the goal of regional water sustainability and rural subdivision development 
(auckland design mannual, n.d.). Similarly, several techniques belonging to WSD have 
been applied in Hooton Reserve such as riparian buffers, vegetated swales. This case 
not only acts on long-term protecting natural heritage but also better supports local 
water management in terms of controlling the stormwater quantity and improving the 
quality of surrounding watercourse. In Newmarket practices, they show the application 
of WSD in commercial areas by using planter boxes, tree pits, rain gardens. 
 
Planning and management of the catchment water environment provide the ability to 
encourage WSD strategies that aim to retain long-term investment in the ongoing 
sustainability of these highly valued natural environments. By the proposed urban 
design approach, opportunities arise to enlighten grey catchment on processes and state 
the importance of the WSD devices being utilised to promote domestic harbour 
environment. Overall, this design project applies a decentralised design system to 
address Cox’s Bay harbour pollution because the suitable way is on-point to filter the 
runoff flows from upstream to downstream. 
 
Sub-questions: 
How to solve Cox’s Bay harbour contamination by evolving WSD strategies? 
WSD regulation within water via land management provides to keep natural freshwater 
systems, to minimise the effects of hydrological changes, to use natural systems where 
possible rather than hard engineered infrastructure and to recognise the contribution that 
green infrastructure stormwater management systems can contribute to amenity, 
ecosystem services and cultural wellbeing. 
 
114 
 
Dealing with Cox’s Bay water contamination, this project builds up a decentralised 
design system to address downstream water pollution. Through investigating the whole 
catchment conditions, it allows comprehending the causes of water pollution fully and 
identify the vulnerable places need to reform. This design work takes account into 
remedying the Cox’s Bay water environment by building up WSD methods in the 
secondary catchment. The focusing design scope contains four pointed sites, which are 
Williamson Avenue, Grey Lynn Park, Hakanoa Reserve and one commercial area. The 
reason for selecting those sites is that the position of each site all is situated in the 
upstream of Cox’s Creek. Furthermore, the proposed design would like to gradually 
filter the runoffs from the source point to the end. The following content will thoroughly 
evaluate the project application by reviewing this collaborative design process 
 
The proposed design in Williamson Avenue is to control the rainwater primarily quality 
by implementing the functional rain gardens and swales and is to create green and 
liveable community streets for contributing amenity requirements. Apart from that, the 
greens in the middle of Williamson Avenue also affects the actions of infiltration and 
absorption. The strengths of the rain garden are that it enables us to improve stormwater 
quality with eco-friendly and low impact features, and it allows us to be flexibly settled 
in multiple locations with the micro athletic landscape. Besides, an effective rain garden 
practice mainly depends on selecting plants which require the ability to tolerate the low 
water quality environment and to filter the pollutants of flows. Therefore, from this 
perspective, the termly change vegetation may increase maintenance fee, which should 
be the biggest weakness of rain gardens. Considering the advantages of bio-swales, this 
facility as green measures significant acts on the conveyance and filtration function. 
The essential requirement of this device is the site in which should have an available 
length and slope. Also, it should be built upon relatively light traffic pedestrian areas. 
The similar rain garden, the following benefits of swale contribute to the improvement 
of the natural environment and the mitigation of urban micro heat islands effect. 
 
This collaborative design also includes the revolution in Grey Lynn Park to be the 
second position for treating the catchment water. Due to the perennial accumulated 
rainwater, this place emerges as a moist and muddy swamp. There is an original green 
space which should be reclaimed as a renew wetlands. Unlike conventional wetland, 
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this renewal wetland operates four pond cells to filter the spills from upstream 
catchment gradually. In the first cell, it acts on constructing forebay and inlet 
construction. The second and third cells apply with floating vegetation for further 
purification. The last cell acts on collecting clean flows and conveying them into outlet 
lines. Apart from that, this overall device with covered vegetation encouraged to shape 
microclimate for decreasing urban heat island effect as well as to provide refuge for 
urban wildlife. Hence, this complex shallow water environment may approach to cycle 
the components among water, air, plant, soil materials and animal media (Stormwater 
management devices: Design guidelines manual, 2003). However, the termly 
inspection of wetland also requests at least twice per year, which should remove 
nuisance plants and insects inside the pond. Otherwise, the wetland may increase the 
breeding of mosquitos.  
 
In Hakanoa Reserve, the purposed design also is to reconstruct a wetland for improving 
the greenfield quality. The constructed wetland is well known as the most suitable 
methods to manage this field because it provides a mechanism to rapidly remove and 
reduce nitrogen and phosphorus nutrients of receiving environment the other objective 
is to take account into enhancing the place security through the lighting settlement. 
Besides, the employed boardwalk and viewing platform not only offers relaxing space 
for people activity needs but also engage the amenity value. The other ongoing benefits 
also include the prevention of wildlife habitats, the heritage conservation of native 
plants.  
 
The last site is a central commercial area which is situated in the Richmond Road for 
serving the final stage of stormwater purification. Due to the limited space, the layout 
intends to use small-scale measurements such as permeable pavements, plant boxers, 
tree pits and an extensive living roof. The strength permeable pavements not only 
provide a trafficable area but also effect on downward percolation of land surface flows. 
At this perspective, building a car park with permeable land cover in this place enables 
to control the volume of the spill, thus reducing the pressure on the downstream water 
pollution. The tree pits and plant boxers all belong to a bioretention device whose 
advantages are to sock the surface water and provide a refuge area for wildlife like 
native birds and insects. The weakness is that the bioretention systems should be 
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inspected at least once every two years, which is not mainly in keeping with the 
economic value. However, the efficiency of bioretention can be seen in the short term. 
Unlike another green roof, the features of extensive living roof notices as a lightweight, 
and minimal maintenance requirement vegetated roof. This strategy can attenuate 
stormwater, lower carbon emission and shape a remarkable roofscape. 
 
The study of the cleaning urban catchment water to protect the harbour environment 
light on the guidance that future urbanism is more likely to be required. The proposed 
masterplan for Cox’s Bay catchment, through this study, provides opportunities to carry 
out further research to significantly advance traditional practice. WSD is prioritised for 
urban plan practice, encouraging site-specific research to sustain best and enhance water 
quality as well as habitat quality and species diversity. For urban design and landscape 
architecture, there is an opportunity to inform and guide as well as engage in the design 
of developing catchment stormwater management. With the ability to holistically assess 
the region and provide management through urban planning, landscape architecture can 
take leadership in developing long-term stormwater management strategies for 
recovering harbour contamination.  
 
The aims of this study are: 
⚫ Understand the strategies of WSD for supporting water management in 
Auckland regional area by retrofitting an existing inner-city open space. 
⚫ Develop a design solution to improve the water quality of Cox’s Bay catchment. 
 
From the RMA’s objectives, water management is essential to sustainable urban 
development. To cater to the RMA requirements, the evolution of LIUDD provides 
an integrated urban management approach of planning the water resources and 
developing the land use. In Auckland city, the regional council published the PAUP 
which present the goal to develop Auckland to be the most liveable city. Aiming at 
managing urban hydrology, Auckland city council also publish relevant documents 
such as LID and WSD. The WSD not only perfect the LID but also more 
concentrate on urban freshwater management. 
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The objectives of this work are: 
⚫ To investigate the current conditions of the hydrological environment and 
significant water resources crisis in the New Zealand context. 
At begin with this thesis, Chapter 1 illustrates the current situation of the New 
Zealand context, which can be summarised as water quality and quantity issues. 
This project immensely focuses on quality improvement. The water crisis includes 
harbour pollution, urban catchment pollution which put the human and native 
species’ health at risk. Due to the influence of water quantity issues, it may result 
in the flooding problems and destroying the land surface.  
 
⚫ To understand the definition, function, benefits, limitation of WSD and 
evaluate precedents of WSD in both global and Auckland regions. 
In chapter 2, through reviewing WSD guideline and several Auckland regional 
documents, the definition, function benefits and limitation of WSD allow being 
understood. The WSD refers to an interdisciplinary approach which supports urban 
water resource management and land use development to respond to the 
requirement of urban sustainability. The function of WSD is to control the quality 
and quantity of urban hydrological resources by applying different stormwater 
devices. The benefits of WSD not only support the urban water sustainability but 
also encourage to ecological, social and economic development. The limitation of 
WSD is funding and practical implementation. The funding issue may disturb the 
father WSD implementation. A lack of comprehension of WSD strategies may 
cause fragile management, and the limited land use may barriers the choice of WSD 
strategies and influence on realistic project development.  
 
⚫ To investigate the features and characterise of Cox’s Bay and identify the 
causes of Cox’s Creek contamination by visiting the site, researching literature, 
investigating geographic mappings. 
In chapter 4, the site investigation deeply analyses the current condition of Cox’s 
Bay through the background and history analysis, the catchment analysis and site 
visit. The background and history information show the process of reclamation of 
Cox’s Bay through a quiet suburb with small connected small bridge transform to 
an incorporating open public space. In the part of catchment investigation, it 
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presents an overall Grey Lynn catchment’ geographic condition, such as contour, 
stream position, overland flows path direction and underground pipe system, which 
may encourage the fully understand of Cox’s Bay situation. As a result, through 
that investigation, the leading cause of Cox’s Bay contamination attribute to 
inappropriate stormwater management and combine sewer systems. Additionally, 
the site visit supports not only to understand the realistic on-site situation but also 
to identify the new places which provide design opportunities.   
 
 
6.4 Summary  
 
Through this integrated design scheme, it may not only mitigate the harbour water 
pollution but also provide more opportunities and benefits for the Grey Lynn catchment 
areas. On the other words, the proposed design interventions work together to minimise 
the harbour pollution disturbance caused through improper water management and still 
achieve a high standard of liability and economic sustainability within the coastal 
environment of Cox’s Bay. Collectively, the design interventions convey the 
opportunity to contribute to the sustainability of neighbouring communities and express 
the ability to interrelate strategies for regional planning. 
 
Speculation began with a regional investigation of natural resources environmental 
protection, which includes the study of the urban sustainability and water sustainability, 
stormwater management infrastructure, species habitat and marine quality, a 
topographical study including generating water quality and land zone variety. This 
project enabled a strong understanding of the site and more importantly gave insight on 
how the local communities value their land, which was made clear by journeying 
through the region. The preliminary study set a healthy relationship for design scheme 
and achieves outcomes that hold the critical rationale 
 
I believe this holistic design approach of WSD strategies will require valuing the way 
people live, the ecological richness and enhancement of the area and the economic 
viability of the land. Urban design or landscape architecture, leading collaborate 
practice, have the full potential to provide research and expertise to define that change, 
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providing resilience and sustainability in communities to best secure our water 
resources to advance an equitable and sustainable human society development. Finally, 
considering the operation of this project, the shared modelling design measures 
hopefully can enlighten similar harbour water quality issues in the future. 
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Introduction
Background
Global Context
Over 4 billions people are suffering from unsafe water environment.
New Zealand Context
Approximately 12 beaches and bays in Auckland no longer allowing 
people to swim and access
Research Questions
• How can decentralized design system protect harbour pollution by 
considering the urban catchment? 
• How to solve Cox’s Bay harbor contamination by using Water 
Sensitive Design (WSD) strategies?
Rationale
• Sustainable urban development and water quality management
• Accessible harbour environment will provide a liveable environment 
for residences and improve people’s life quality
Aim and Objective
• Understand the content of WSD and how WSD strategies support to 
address harbor water pollution.
• Develop a design system to improve the water quality of Cox’s Bay.
Literature Review
Literature Review
• Urban Sustainability and Water Sustainability
• Similar Water Management Design Theories
• Previous Water Resources Management in New Zealand
• Water Sensitive Design (WSD)
• Case Studies
Urban Sustainability and Water 
Sustainability
• Urban sustainability contributes to creating a sustainable blueprint for 
the future urban life through enhancing the capacities and stability 
over ecological, economic and human health aspects (Troy, 2013).
• Water sustainability called for the way of water resources management 
to meet both present and future generation’s water requirement (Das, 
2016; Hogeboom, Kamphuis, & Hoekstra, 2018; Juwana, Muttil, & 
Perera, 2016; Kwon & Bailey, 2018).
Similar Water Management Theories
• Sustainable Drainage System (SUDS) – UK
• Low-impact Development (LID) -- UK, US, Canada
• Water Sensitive Urban Design (WSUD) -- AU, NZ
Worldwide Theories Main Objectives
SUDS (UK) Indicates measures for sustainable stormwater management primarily aims at suitable
management in the drainage system
LID (UK) A core is using the cost-saving, eco-friendly measure to plan land use and to address
environmental problems
LID (US vs Canada) Describes approaches of planning and engineering design for better managing stormwater
run-off with following the goal of sustainable management.
WSUD (AU) Mentions ways which use to integrate water cycle management, mainly contribute to
stormwater management and taking account of urban planning and design in the meantime
Water Resource Management in New 
Zealand
• Resource Management Act (RMA)
• Low Impact Urban Design and Development (LIUDD)
• Proposed Auckland  Unitary Plan (PAUP)
• Low Impact Design (LID)
Previous Water
Management
Main Objectives
RMA To serve as a leading environmental law force on regulating the modern environmental
protection movements in the field of land, air and water aspects.
LIUDD To support the implementation of both RMA and LGA legislation, LIUDD is to manage the
stormwater in New Zealand and to illustrate the implementation standard of different types of
stormwater facilities.
PAUP To design a new city plan which highlights the ways of protecting and developing natural
resources for offering people a healthy and safe living environment.
LID To carry out the sustainable urban development in protecting and incorporating natural site
features, particularly in controlling land erosion and sediment as well as integrated
stormwater management
Water Sensitive Design (WSD)
• WSD has been formally defined as “An approach to freshwater 
management, it is applied to land use planning and development at 
complementary scales including region, catchment, development and 
site. 
• Water sensitive design seeks to protect and enhance natural freshwater 
systems, sustainably manage water resources, and mimic natural 
processes to achieve enhanced outcomes for ecosystems and our 
communities” (Lewis et al., 2015, p.12)
Case Studies Worldwide
From Grey to Green, Portland, Oregon, USA (Bureau of
Environmental Services, City of Portland, & USA, n.d.).
Kokkeddal Climate Adaption Plan (World architecture., 2014)
The treatment train of the Mbezi River (Fryd et al., n.d.)
Case Studies New Zealand
The Waitangi Park’s waterfront wetland (“Wraight
Athfield Landscape + Architecture,” 2016)
The floating wetland on Lake Rotorua (Russell, 2018)
Case Studies Auckland
Garden Street Plan in Long Bay (ADM, n.d.).
Permeable Bridge in Long Bay
Constructed wetland in Long Bay
Case Studies Auckland
Community Street with Rain Gardens
in Raising Parade, Albany.
Wetland and Bio-swales in Hooton
Reserve, Albany.
Permeable Block in car parking
area Northshore Event Centre.
Case Studies Auckland
Rain Gardens on commercial street, Teed St, New Market. Plant Boxers on commercial street, Teed St, New Market
WSD Techniques What is Benefits Limitation Solution Site
Bio-
retention
Rain 
Gardens
Rain gardens help 
remove pollutants and 
slow down stormwater 
flows, recharge 
freshwater bodies and 
look attractive. 
• More vegetation
• Settlement of 
sediments by surface 
ponding
• Detention of 
stormwater volumes 
in soil media
• Microbial treatment 
processes in contact 
with soil and root 
horizons Infiltration 
to ground and 
evapotranspiration.
• Standing water may 
be unsightly, have 
smells, and be a 
vector for insects
• Rubbish and 
sediment can build 
up in practices and 
affect performance
• Groundwater levels 
may be affected by 
bioretention, which 
may affect the 
stability of adjacent 
slopes and structures
• Space is not available 
for bioretention 
practices
• Bio-retention 
practices are 
generally designed to 
self maintain.
• The application of 
mulch is key 
component.
• Periodic monitoring 
is necessary
Portland 
Waitangi Park
Long Bay
Tree Pits Tree pits often have 
bypass systems to avoid 
localised ponding from 
surface runoff
Newmarket
Planter
boxes
Stormwater planter boxes 
may be included in any 
location where 
conventional planter 
boxes are used.
Portland
Newmarket
Vegetated swales Vegetated swales can be 
mown grass or any 
vegetation type that is 
stable under stormwater 
flows. These systems 
simultaneously convey 
and treat stormwater 
runoff. 
• the filtering of sheet 
flows down channel 
side slopes and then 
conveyance and 
further treatment of 
contaminants along 
the base of the swale.
• increased contact 
time at the plant-soil-
water interface where 
treatment processes 
occur. 
• Result in erosion
• Slope
• Length 
• Use erosion control 
fabrics and check 
dams, or consider 
diversion around a 
swale while 
vegetation is 
establishing
• Swales can be used 
on steeper slopes (5-
8%) utilizing weir 
structures to provide 
for grade changes.. 
Portland
Kokkedal
Hooton Reserve
WSD Techniques What is Benefits Limitation Solution Site
Living Roof
Extensive living roofs 
have lightweight layers 
of free-draining media to 
support low-growing 
drought-resistant 
vegetation.
• capture atmospheric 
deposition of 
contaminants,
• promotes 
evapotranspiration,
• cools 
stormwater runoff
• slows down rainfall 
response times
• reducing peak flow 
rates and runoff 
volumes
• The weight of living 
roofs
• The slope of roofs 
(>10 degrees for 
drainage) may not be 
suitable to retain 
media and plants
• Extensive living 
roofs have greater 
application to 
'retrofit' existing 
buildings, as the 
additional weight 
loading is usually no 
more than 100 kg/m2
Portland 
Mbezi River
Permeable Pavements pervious pavement refers 
to any system providing 
hard or trafficable areas 
which also provides for 
downward percolation of 
stormwater runoff.
• are appropriate 
for the marketplace, 
occasional traffic use
• below-ground storage 
for the water quality 
volume within base 
course layers
• Auckland soils may 
limit potential for 
infiltration
• Paver movement may 
occur on slopes and 
highly trafficked 
areas if not suitably 
constructed
• Pervious strips can be 
applied outside these 
areas to receive sheet 
flow from the 
balance of the site.
• Pervious pavement 
should be designed 
for the site conditions
Mbezi River
Long Bay
Constructed Wetland Wetlands are complex 
natural systems of hydric 
soils and water-loving 
plants.
• Treat suspended 
solids, dissolved 
metals
• Maintain biodiversity
• increased frequency 
of mosquitoes, and 
stagnant water
• Weeds issue
• Water fowl
• Frequently 
maintenance
• dense planting or 
rocks at the margins 
to reduce loafing 
areas, and planting 
tall vegetation to 
limit ‘flight lines’.
Kokkedal
Waitangi Park 
Long Bay
Methodology
Methodology Statement
• Quantitative Methodology is valuable because they focus on reliability, validity 
and scientific principles (Ahmed, Opoku & Aziz, 2016). Additionally, Ahmen, 
Opoku and Aziz (2016) indicate that the characteristics of quantitative methods are 
usually used in a systematic, controlled, mechanistic way for investigating stable 
natural phenomena to seek precise analysis of target concepts. 
• ‘Research by Design’ will also be employed which is an approach commonly used 
to build a coherent model in research by developing a design work. This 
methodology is centred in the field of architecture, landscape architecture and 
urban design Roggema, 2017).
Calculation Methods (TP 108)
TP108 should be used to calculate Water 
Quality Volume. The equation:
V = 1000 × 𝑄24𝐴
𝑄24 =
𝑃24 − 𝐼𝑎
2
𝑃24 − 𝐼𝑎 + 𝑆
𝑆 =
1000
𝐶𝑁
− 10 25.4
CN =
98 𝐴𝑖𝑚𝑝𝑒𝑟𝑣 + 𝐶𝑁𝑝𝑒𝑟𝑣𝐴𝑝𝑒𝑟𝑣
𝐴𝑡𝑜𝑡
V, runoff volume (m³) = water quality volume
𝑄24, runoff depth (mm)
𝐴, .catchment area
𝑃24, 24-hour rainfall depth (mm)
𝑆, calculate storage (mm)
𝐼𝑎, impervious areas = 0mm; 
pervious areas = 5 mm
CN, curve number
𝐴𝑖𝑚𝑝𝑒𝑟𝑣, impervious catchment area
𝐶𝑁𝑝𝑒𝑟𝑣, pervious curve number
Site
Site
Cox’s Bay
• Situated on the Waitemata Harbour 
which belongs to the central part of 
Auckland hinterland area.
Finding the problem
ReportNews article
Finding the problem Site Visit
Identify the problem
The mapping of underground pipe 
system from Geo Maps, they indeed 
present the flows combining both 
stormwater and wastewater have 
been directly discharged into Cox’s 
Creek, which accurately 
demonstrated the issue of Combine 
Sewer Overflow is intensifying the 
contamination of Cox’s Bay.
Map of Combined Pipe in Richmond Rd
Catchment Analysis (Grey Lynn Catchment)
Contour Overland Flow Paths
Catchment Analysis (Grey Lynn Catchment)
Stormwater Pipe System Wastewater Pipe System
Downstream sub-catchment
Upstream sub-ctatchment
Scope of Design
Upstream Catchment Downstream Catchment
𝐴 (km²) 1.62 0.37
𝐴𝑖𝑚𝑝𝑟𝑒𝑣 (km²) 0.59 0.09
𝐴𝑝𝑟𝑒𝑣 (km²) 0.61 0.21
𝑃24 (mm) 24 24
𝐼𝑎 (mm) 1.88 2.84
𝐶𝑁 58.66 58.45
𝑆 (mm) 179.00 180.55
𝑄24 (mm) 2.43 2.22
V (m³) 3936.6 821.4
𝑉𝑡𝑜𝑡𝑎𝑙 (m³) 4758.0
Design
Design Concept
Using WSD techniques to manage 
the Cox’s Creek’s catchment in 
order to mitigate or even solve 
Cox’s Bay pollution.
Crowd Flow
Open Green Public Space
Commercial Shopping Area
Natural Corridor
People Preferred Movement
Neighbor Street
Master Plan
WSD Strategies:
• Extensive Living Roofs
• Permeable Pavements
• Bio-retention (Rain Gardens, 
Tree Pits, Plant Boxers)
• Vegetated Swales
• Constructed Wetlands
Williamson Avenue
Design Site Area: 60000 m²
Site Location: Williamson Ave
and Beaconsfield St.
Williamson Avenue
Techniques:
• Rain Gardens
• Vegetated Swales
Williamson Avenue
Contour Overland Flow Paths Underground Pipe System
13
2
1
2
3
Rain Gardens
Swales
Green Median



Grey Lynn Park
Design Site Area: 11200 m²
Site Location: Rose Rd 
and Dicken St
Grey Lynn Park
Techniques:
• Constructed Wetland
• Swales 
Grey Lynn Park
Contour Overland Flow Paths Underground Pipe System
1
2
3
5 4
6
7
1
2
3
4
5
6
7
Rain Gardens
Swales
Viewing Bridge
Retaining Wall
Recreational Area
Permeable Bridge
Stepped Wetland

Wetland Structure
Outlet
Inlet
Cell 1Cell 2
Cell 3
Cell 4 
Further Cleaning
Sediment
Deeper Cleaning
More Purified
Dry Season
Wetland Analysis
Further Cleaning
Sediment
Deeper Cleaning
More Purified
Rain Season
Wetland Analysis


Hakanoa Reserve
Design Site Area: 2900 m²
Site Location: Hakanoa St 
and Sackville St
Hakanoa Reserve
Techniques:
• Constructed wetland
Hakanoa Reserve
Contour Overland Flow Paths Underground Pipe System
34
1
2
1
2
3
4
Boardwalk
Permeable Bridge
Constructed Wetland
Viewing Platform

Wetland Structure


Commercial Area
Design Site Area: 42000 m²
Site Location: Westmoreland St
Commercial Area
Techniques:
• Permeable Pavements
• Planter Boxes
• Tree Pits
• Extensive living roof
Commercial Area
Contour Overland Flow Paths Underground Pipe System
21
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4
5
1 Permeable Pavements
Extensive Living Roof2
3
4
5
Tree Pits
Rain Gardens
Plant Boxers



Capacity
V(m³) Williamson 
Ave 
Grey Lynn 
Park
Hakanoa 
Reserve
Commercial 
Area
Individually 
Treated Volume
1844.6 1941.7 705.8 662.5
Total  Treated 
Volume
5154.6 m³
Required 
Treated Volume
4758 m³
Design Conclusion
and  Reflection
• How can a decentralised design system protect harbour 
pollution by considering the urban catchment? 
• Analyze the catchment condition 
• Select the appropriate design scope
• Calculated the water quality volume
• Select the design methods
• Summaries the predictable design outcome 
Conclusion
• How to solve Cox’s Bay harbour contamination by using 
WSD strategies?
• Treat the flows at source until the end of the whole catchment
• Using Bio-retention (rain gardens, tree pits, plant boxers), Swales, 
Constructed Wetlands, Permeable Pavements,  Extensive Living Roofs,.
• Connect the space, Build inviting pathway, Gather community, Maintain 
biodiversity, Create habitat, Enhance urban climate resilience
Conclusion
Reflection for Future

